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Abstract 
Sustainability refers to a long-term perspective of economic, social, and environmental progress, 
which not only addresses the present conditions but also includes the needs of future generations. 
The massive network of roadways in United States has the potential to contribute considerably 
towards achieving sustainability in the infrastructure sector. The “triple bottom line” of 
sustainability, if incorporated in roadway development projects, can address issues like climate 
change, environmental protection, funds optimization, and social equity. This study focuses on 
the life cycle assessment (LCA) of arterial improvement projects. Preservation treatments help in 
extending the remaining service life of roads; but at the same time, they may have substantial 
environmental impacts due to the acquisition of raw materials, transportation of the processed 
materials from extraction to production site, manufacturing of the final product, and the use of 
various equipment during the treatment process. These, in most cases, are accompanied by 
considerable mobility impacts on the adjacent traffic due to work-zones associated with 
pavement treatment activities. Accelerated construction techniques are known to have several 
advantages over traditional construction, such as reducing delay and congestion, decreasing 
safety concerns, and in turn minimizing environmental and socio-economic impacts associated 
with work zones. In this study, a comprehensive work zone environmental assessment (WEA) 
framework has been prepared, which will help highway officials to assess the environmental 
benefits of accelerated construction, and opt for the most suitable transportation management 
plan favoring the environment. 
Existing studies have presented LCA for pavement construction activities, mostly, on a 
case-study basis. This research tries to calculate and summarize the environmental effects of all 
 
 
the MRR activities, which can occur over the life span of a pavement. Traditional and 
accelerated maintenance, repair, and rehabilitation (MRR) techniques were identified for both 
flexible and rigid pavements. A life cycle assessment (LCA) approach was used, taking into 
account the life extension of the pavement for each type of strategy. The scope boundary 
includes only the construction activities relevant to pavement MRR.  
On the traffic side, the simulation models currently in use to predict the emission of 
work-zones are mostly static emission factor models (SEFD). SEFD calculates emissions based 
on average operation conditions e.g. average speed and type of vehicles. Although these models 
produce accurate results for large scale planning studies, they are not suitable for analyzing 
driving conditions at the micro level such as acceleration, deceleration, idling, cruising, and 
queuing in a work zone. This study addresses this gap by using an integrated traffic micro-
simulation emission model, which can capture the effects of instantaneous changes in vehicle 
operations, and can provide an accurate prediction of traffic impacts and emissions for work 
zones. Software program, INTEGRATION, was used to model real life work zone traffic 
scenarios and traffic emissions around the area. This program is capable of computing vehicle 
emissions, such as hydrocarbons (HC), carbon monoxide (CO), carbon dioxide (CO2) and 
nitrogen oxide (NOx), for eleven vehicle categories. Changes in emissions were computed by 
simulating traffic management plans related to traditional and accelerated pavement 
rehabilitation. A section of Interstate 66 was selected as a case study to demonstrate the 
application of this framework. 
Sustainability calls for reducing the above-mentioned impacts. Environmental impacts of 
the commonly used traditional and accelerated MRR activities were calculated in amounts of 
greenhouse gases emitted due to resource usage, energy consumption, and mobility impacts. 
 
 
Accelerated construction were found to have favorable results for both flexible and rigid 
pavements. In addition, a guidance model was prepared to assist agencies with selecting 
appropriate procurement methods and contracting strategies that accelerate construction. The 
research also looks into existing environmental policies, and suggests strategies to incentivize 
accelerated construction for stakeholders.   
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Chapter 1: Introduction 
Sustainability refers to a long-term perspective of economic, social and environmental 
progress, which not only addresses the present conditions but also includes the needs of future 
generations (NCHRP, 2011). This can be achieved by implementing certain principles such as 
preservation of environmental and ecological systems, sustaining healthy communities, 
encouraging economic development, and establishing equity among people and generations. 
Sustainability includes a wide array of disciplines, and requires a comprehensive involvement of 
different sectors. Transportation infrastructure is considered as one of the “major contributors to 
the bigger picture of sustainability” (NCHRP, 2011). Sustainability can be incorporated in almost 
every stages of decision-making process starting from planning and design to operation and 
maintenance. Sustainability planning categories include: 
a) Long-range transportation planning (LRTP): LRTP depends greatly on the state 
department of transportations (DOTs) and metropolitan planning organizations (MPOs). 
LRTP addresses the sustainability expectations, and also helps in establishing clear 
performance goals and in estimating the required investment to achieve those goals. 
b) Short range transportation programming (SRTP): SRTP deals with prioritizing 
transportation projects according to the current needs, and assists in developing clear 
scope, schedule, and budget to achieve specific sustainability targets. 
c) Project Level Planning (PLP): PLP is initiated after the transportation projects are 
identified. PLP includes identification of project needs, community concerns, 
environmental concerns, and their potential solutions. 
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d) Project Level Environmental Review: Transportation infrastructure projects must go 
through an elaborate environmental review process in order to secure federal funding. 
Review criteria are mostly stipulated by the National Environmental Policy Act (NEPA). 
Environmental review process may be harder in some states due to the establishment of 
more stringent rules by the state DOTs. NEPA review criteria are often combined with 
those of other federal partners such as U.S. Army Corps of Engineers, the U.S. Fish and 
Wildlife Agency, and U.S. Environmental Protection Agency. 
e) Design, land acquisition and permitting: Detailed engineering plans are prepared after the 
NEPA review process is complete. Environmental considerations can be incorporated 
during the design process. Some of the examples of sustainable infrastructure alternatives 
are material and equipment selection, multimodal accommodations, storm-water runoff 
control and accelerated construction techniques.  
f) Construction, maintenance and operations: Lately, the operation phase is gaining 
attention, where major sustainability considerations are possible. DOTs are getting more 
and more interested in night time or weekend construction, and using reclaimed or 
recycled materials to reduce the carbon footprint of construction activities arising from 
disruption of service and material use. Substantial efforts are put in optimizing 
preservation plans so as to maintain a satisfactory level of service throughout the design 
life of the infrastructure (NCHRP, 2011). 
This study focuses on assessing the environmental sustainability of maintenance, repair, 
and rehabilitation (MRR) of roadway infrastructure and identifies the role of accelerated 
construction techniques in improving sustainability during the operation, maintenance, and 
rehabilitation phase. 
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The 2017 Report Card for America’s Infrastructure published by ASCE reveals that 32% 
of the country’s major arterial network is in “poor or mediocre condition,” which results in an 
increase of repair and operating cost by $112 billion per year. Urban areas have three times more 
deficient pavements than rural areas. ASCE projected a required investment of $420 billion to 
improve the physical condition of roads, which means a considerable amount of MRR activities 
are on its way (ASCE, 2017). Although preservation treatments help in extending the remaining 
service life of pavements, they may have significant environmental impacts due to production 
and acquisition of raw materials for construction (Cass & Mukherjee, 2011) and traffic 
disruption due to work zones (Zhang, Batterman, & Dion, 2011).  
Lately, there is a widespread awareness of the possible damage that high levels of Green 
House Gases (GHG) can cause to the planet. The Kyoto Protocol adopted in Kyoto, Japan in 
1997 formally documented these risks and established certain ground rules in an effort to bring 
GHG emissions down to 1990 levels (UNFCCC, 2008). Although United States signed the 
protocol, it did not push hard to ratify it. From 1990 to 2011, the total US GHG emissions have 
increased by 8.4% (USEPA, 2013). According to the data published by U.S. Department of 
Energy, in 2015, the United States emitted 6.6 billion metric tons of GHG, which is equivalent to 
15% of the global CO2 emissions, taking the second spot after China (Boden, Marland, & 
Andres, 2017). CO2 emissions coming from transportation activities amount to 27% of the total 
national CO2 emissions (USEPA, 2017 b).  
1.1 Problem Statement 
The above-mentioned challenges have motivated state departments of transportation to 
investigate ways to reduce the GHG emissions caused due to pavement MRR activities. About 
75% of materials in the United States are used for construction, and around 75% of these 
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materials is used for road construction (Matos, 2017; Sullivan, 2006). According to the Energy 
Information Administration (2002), asphalt production is the second most energy-intensive 
manufacturing industry in the United States. Asphalt needs to be constantly heated before use to 
maintain its fluidity, which is energy intensive, and thus produces a considerable amount of 
emissions. Cement production is ranked seventh among the most energy-intensive manufacturing 
industries. Due to the use of these energy intensive materials, large amounts of greenhouse gases 
are emitted during maintenance, repair, and rehabilitation of highways. As the nature of 
pavement MRR varies from project to project, it is difficult to come up with a generalized 
process to estimate the environmental effects of these activities. Thus, it is necessary to collect 
performance and MRR data for different life cycle stages of pavements to prepare construction 
inventories with accurate details on materials required and equipment used for the process (Cass 
& Mukherjee, 2011). Different construction alternatives should also be investigated, including 
accelerated construction techniques which involve the use of various innovative materials 
(FHWA, 2011a). 
Each MRR activity requires certain traffic management plans (TMP) for example lane 
closure, narrowed lanes, phasing/staging, reduced speed, detours, and ramp closure, all of which 
impacts the traffic flow (FHWA, 2012). In previous studies, simulation models used to predict 
the emission of work zones were mostly static emission factor models (SEFD). SEFD calculates 
emissions based on average operation conditions e.g. average speed and type of vehicles. 
Although these models produce accurate results for large scale planning studies, they are not 
suitable for analyzing driving conditions at the micro level such as acceleration, deceleration, 
idling, cruising, and queuing in a work zone. There is a need of micro-simulation analysis that 
can capture the effects of instantaneous changes in vehicle operation, and that can provide an 
5 
 
accurate prediction of traffic and emissions for traffic management alternatives. Accelerated 
construction techniques are known to have several advantages such as reducing delay and 
congestion, decreasing safety concerns, and in turn minimizing socio-economic impacts 
associated with work zones. At the same time, some of the disadvantages are, higher cost, 
durability issues, design complexity, increased uncertainty, and higher worker fatigue (Salem, 
Salman, & Ghorai, 2017). The purpose of this study is to assess the environmental effects of 
pavement MRR, and to evaluate the benefits of accelerated construction from an environmental 
point of view. 
1.2 Accelerated Construction 
Accelerated construction is defined as an advanced construction method, which can 
significantly shorten onsite construction time using innovative design strategies, alternative 
project delivery systems, and sustainable materials, in a safe and cost effective manner (FHWA, 
2011a).  FHWA has categorized the construction duration into four tiers according to the 
duration of impact. They are: Tier 1) 1 to 24 hours, Tier 2) 3 days, Tier 3) 2 weeks, Tier 4) 3 
months and Tier 5) 3 months to a year. A transportation infrastructure construction project can be 
considered as accelerated if the construction duration is reduced by at least one tier compared to 
the corresponding traditional construction process (FHWA, 2011b).  
Roadway construction in environmentally sensitive areas may face time related 
restrictions (i.e. migration period, spawning period etc.), which may lead to construction delays. 
Accelerated construction can be employed to fit the construction schedule within the “allowable 
period” window, and can, thereby, assist in avoiding the idling time during restricted seasons 
(FHWA, 2011b). 
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According to the Texas A & M Transportation Institute Urban Mobility Report (2012) 
user costs due to traffic delays and additional fuel consumption have increased dramatically from 
$24 billion to $121 billion (in constant 2011 dollars), over the last 30 years, as a result of 
congestion in 498 urban areas across the country (Schrank, Eisele, & Lomax, 2012). Work-zones 
may have considerable impacts on adjacent active traffic, which can result in increased fossil 
fuel consumption. In some cases, long detours can also lead to additional fuel consumption due 
to excess distance travelled. TMPs are greatly dependent on the construction process (FHWA, 
2012). Accelerated construction can reduce these impacts by reducing the interaction of the 
active traffic with the work zone. 
Prefabricated elements are most commonly used in accelerated construction (FHWA, 
2011a). Prefabrication allows maintaining high quality by minimizing or removing the effects of 
harsh environmental factors such as temperature, humidity, rain, and wind. This reduces the need 
of frequent maintenance and rehabilitation work during the early stages of the infrastructure life. 
In other words, prefabrication increases the durability of the infrastructure, and in turn decreases 
the life cycle cost. Accelerated construction may have higher initial cost. But the cost is expected 
to go down as agencies get more familiar with the complicated design and detailing process. 
More practice will lead to consistency, which in turn will reduce risks in terms of defects and 
durability. Accelerated construction can encourage standardization of the construction process 
and materials; which, unlike ‘one of a kind design’ approach, will allow reductions in project 
cost.  
By shortening the construction duration, accelerated construction can also help in 
minimizing the construction management cost (i.e. labor cost, office rentals and law enforcement 
costs), which often exceeds design cost for traditional construction. Construction project costs 
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are also highly influenced by inflation. Although some agencies try to mitigate the risk by 
putting an inflationary escalation factor for materials in the contract, it does not apply to laborer 
wages inflation. Accelerated construction can help in reducing these uncertainties by shrinking 
the project time (FHWA, 2011b). 
Work zones can distract drivers which may lead to accidents. On the other hand, 
construction workers often work in close vicinity to active traffic, which leads to several work 
zone related deaths every year all over the United States (FHWA, 2011a). Accelerated 
construction can reduce the probability of crashes and injuries by reducing the exposure of 
vehicles to work-zones. Prefabricated elements and innovative construction techniques help in 
reducing the number of laborers on site, as most elements are prefabricated offsite where there is 
no active traffic. Accelerated construction can also positively impact public perceptions, which 
are important as most DOT roadway projects are funded by the public money. Agencies can face 
severe public disparagement if construction projects are affecting the daily lives of the local 
commuters for long periods of time (FHWA, 2011a).  
1.3 Objectives 
The objectives of this study are:  
i) To evaluate the environmental impacts of pavement maintenance, repair, and 
rehabilitation activities. 
a. To assess the environmental impacts of construction activities (which include raw 
material extraction, transportation of materials from extraction to production site, 
construction equipment used and construction of the final product) from a life 
cycle assessment (LCA) point of view. 
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b. To assess the impacts of pavement MRR work-zones on adjacent traffic, and to 
evaluate the environmental impacts in terms of increase in emissions due to 
unstable traffic. 
ii) To quantify the effects of accelerated or innovative construction techniques over 
traditional MRR in reducing the above mentioned impacts. 
1.4 Methodology  
As the study deals with two different aspects of environmental impacts of pavement, the 
methodology can be divided into two major subcategories i.e., Task 1 and Task 2. The results 
obtained from Task 1 and Task 2 are combined in Task 3: 
Task 1: Life Cycle Assessment of Pavement Maintenance, Repair and Rehabilitation 
Activities and Environmental Benefits of Accelerated or Innovative Construction 
Techniques (Chapter 2) 
1.4.1.1. Literature Review: A comprehensive review of available literature in the 
following areas: 
1.4.1.1.1. Distresses for flexible and rigid pavements 
1.4.1.1.2. MRR strategies for : 
1.4.1.1.2.1. Asphalt Pavements: Total Reconstruction, Mill and 
Overlay, Thin Hot Mix  Asphalt Overlays (HMA) or Resurfacing, 
Chip Seal, Micro-surfacing, Crack Seal, Fog Seal, Asphalt Partial 
Depth Reclamation, Asphalt Full Depth Reclamation 
1.4.1.1.2.2. Concrete Pavements: Continuously Reinforced Concrete 
Pavements, Full Depth Repair, Partial Depth Repair, Joint Repair, 
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Diamond Grinding, Precast Concrete Pavement Systems, and Rapid 
Setting Concrete 
1.4.1.1.3. Life Cycle Assessment (LCA) 
1.4.1.1.4. LCA for pavements 
1.4.1.1.5. LCA Tools: BEES 3.0 , CMLCA 4.2, SimaPro, GaBi, Athena 
Impact Estimator for Highways  
1.4.1.2. Performing Life Cycle Assessment 
1.4.1.2.1. Identifying data sources for the LCA process: 
1.4.1.2.1.1. Raw materials extracted and used for different treatment 
and preservation activities 
1.4.1.2.1.2. Transportation distances for extracted raw materials and 
equipment  
1.4.1.2.1.3. Basic geometry and traffic volumes of different functional 
types of pavements 
1.4.1.2.1.4. Rehabilitation schedule for pavements of different 
functional types 
1.4.1.2.1.5. Determination of the functional unit for the assessment 
1.4.1.2.2. Performing life cycle assessment on Athena Impact Estimator for 
Highways and GaBi 
1.4.1.3. Calculating the Environmental Impacts 
1.4.1.3.1. Amount of resources used for each MRR process 
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1.4.1.3.2. Calculating the environmental impacts of each MRR activity in 
terms of Global Warming Potential (in kg CO2 eq), Acidification 
Potential (moles of H+ eq), Ozone Depletion Potential (kg O3 eq) 
1.4.1.3.3. Calculating the energy consumption (in MJ) from various sources 
such as hydropower, thermal power, diesel, feedstock, gasoline, heavy 
fuel oil, natural gas, liquid petroleum gas, and nuclear power 
1.4.1.3.4. Analyzing and summarizing the overall impacts 
Task 2: Assessment of Traffic Emission Impacts due to Pavement Rehabilitation 
Activities (Chapter 3) 
1.4.2.1. Literature Review: A comprehensive review of available literature in the 
following areas: 
1.4.2.1.1. Traffic Management Plans (TMP) for Work Zones: Lane Closure, 
Narrowed Lanes, Phasing/ Staging, Reduced Speed, Detours, Ramp 
Closure etc. 
1.4.2.1.2. Traffic Analysis and Simulation Tools 
1.4.2.1.2.1. Sketch-planning 
1.4.2.1.2.2. Travel Demand 
1.4.2.1.2.3. Macroscopic Simulation 
1.4.2.1.2.4. Mesoscopic Simulation 
1.4.2.1.2.5. Microscopic Simulation 
1.4.2.1.3. Integrating Microsimulation with Emission Models 
1.4.2.1.4. Model Calibration 
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1.4.2.2. Data Collection and Case Study Identification 
1.4.2.2.1. Identifying highway section as case-study and obtaining previously 
recorded traffic data. 
1.4.2.2.2. Other information: Project Location, Functional Type of Road, 
Construction Scheduling and Sequencing, TMPs Implemented, and 
Accelerated Construction Techniques that can be used. 
1.4.2.3. Modelling and Running Traffic Simulation for Traditional and 
Accelerated Construction Work-Zone Scenarios 
1.4.2.3.1. Modeling TMPs for case studies identified, using traffic simulation 
tool (INTEGRATION). 
1.4.2.3.2. Analyze various traditional and accelerated construction work-
zone scenarios for the case study identified, and calculate the additional 
emissions due to impacted traffic. 
Task 3: Combining emission results obtained from Task 1 and Task 2 to find the overall 
environmental impacts of different pavement MRR activities including both traditional 
and accelerated techniques (Chapter 4). 
1.4.3.1. Normalizing results to the same functional unit 
1.4.3.2. Calculating the overall environmental impacts in terms of global warming 
potential 
1.4.3.3. Comparing results for traditional and accelerated/ innovative construction 
techniques 
Task 4: Discussion on strategies to promote and encourage the use of accelerated 
construction (Chapter 5) 
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1.4.4.1. Review Carbon Tax concept 
1.4.4.2. Calculation of the Social Cost of Carbon 
1.4.4.3. Discussion on procurement methods and contracting strategies to 
accelerate construction 
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Chapter 2: Life-Cycle Assessment of Pavement Maintenance, Repair, 
and Rehabilitation Activities (Task 1) 
2.1 Literature Review 
A few studies have been performed to calculate and summarize the environmental effects 
of all the MRR activities that can occur over the life span of a pavement. This research tries to 
address this gap by calculating the resource usage, greenhouse gas emissions, and energy 
consumption involved with treatment processes of pavements of different functional types. To 
better understand the necessity of MRR activities from a technical point of view, a 
comprehensive study of the most commonly occurring pavement distresses were performed. 
2.1.1 Pavement Distresses 
Any condition of a pavement which reduces its serviceability or leads to reduction of 
serviceability of the pavement is known as pavement distress (NDOR, 2002). Serviceability 
refers to the level of safety and comfort that can be provided by the pavement to the users 
(Uddin, Hudson, & Haas, 2013). Some of the commonly occurring distresses for flexible and 
rigid pavements are as follows: 
 Flexible Pavement Distresses 
2.1.1.1.1 Alligator Cracking:  
This consists of a series of interconnected cracks on the asphalt layer and looks 
like the hide of an alligator. If not repaired on time, it allows water penetration into 
surface materials and subgrade which causes further damage to the pavement. These 
cracks are often created along the wheel tracts and are also called fatigue cracks. Some of 
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the possible causes of alligator cracking are deficient pavement structure, poor base 
support, inadequate base drainage, aging and traffic loading (NDOR, 2002). 
2.1.1.1.2 Edge Cracking: 
 This is similar to alligator cracking and occurs within 1- 2 feet of the edge. The 
crack adversely affects the wheel path condition and lets moisture into the subgrade soil 
and base materials. Sometimes longitudinal cracks are present, which causes the 
widening of the concrete base course. Possible factors causing edge cracking are traffic 
loading, environmental conditions, construction defects, low shoulder, and high shoulder 
holding water (FHWA, 2014 a). 
2.1.1.1.3 Longitudinal Cracking:  
This type of crack runs parallel to the center line and is primarily caused by traffic 
loading, frost action, improper construction practices (also known as joint cracks), poor 
drainage, and reflection cracks (FHWA, 2014 a). 
2.1.1.1.4 Random/ Block Cracking:  
These divide the pavement into rough but approximately rectangular pieces, and 
appear in regular intervals. Thermal stress and aging are the most probable causes for 
these types of cracks (FHWA, 2014 a). 
2.1.1.1.5 Transverse Cracking:  
This type of crack occurs perpendicular to the centerline of the pavement, and 
extends for three fourth of the width of the pavement. Possible causes may be thermal 
stress, swelling and shrinkage of the subgrade, reflection cracks, and settlement of trench 
and backfill (FHWA, 2014 a). 
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2.1.1.1.6 Raveling/ Weathering:  
This is caused by the wearing away of pavement surfaces resulting in the loss of 
the asphalt binder and loosening of the aggregate particles. Some of the possible reasons 
are poor quality mixture, hardening of asphalt due to aging, absence of the proper amount 
of asphalt, and defective construction (NDOR, 2002). 
2.1.1.1.7 Distortion:  
Any distress involving densification, consolidation, swelling, heave, creep, or 
slipping of the surface or foundation is called distortion. Possible causes may include 
inadequate support or overloading, freeze and thaw cycle, bonding failure between base 
layer and surface layer, depression, and soft asphalt concrete or shoving (NDOR, 2002). 
2.1.1.1.8 Rutting:  
Rutting is the surface depression caused by traffic loading on the wheel path 
because of moisture, insufficient support, and improper construction procedures (FHWA, 
2014 a). 
2.1.1.1.9 Excess Asphalt:  
This is also known as bleeding or flushing and happens when a thin film of 
asphalt results in a smooth, shiny, greasy and reflective surface around the wheel path. 
Possible reasons include defective mixture, lower quality materials, improper 
construction practices, and use of excess asphalt (NDOR, 2002). 
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 Rigid Pavement Distresses 
2.1.1.2.1 Joint Distress:  
This refers to the deterioration of concrete joints located between two feet of 
either side of the joint. This may include breaking and chipping of the joints resulting in 
feathered edges. One of the major reasons for this kind of distress is the expansive 
internal pressure created due to alkali-aggregate reactivity between cement and 
aggregates, corrosion, and deterioration of dowel bars. Freeze and thaw cycles can also 
damage dowel bars considerably. Some other reasons of joint distress are misaligned 
dowel bars, loss of support due to voids, and pumping action and overloading (NDOR, 
2002). 
2.1.1.2.2 Faulting:  
This refers to uneven vertical displacement of slabs or any other structural 
member along a joint or a crack. Although faulting can be both longitudinal and 
transverse, it is more common for the transverse joints of portland cement concrete (PCC) 
pavements without dowels. This is also known as step deformation with an “upstream” 
slab at a higher level than a “downstream” slab. This can be caused by uneven roadbed 
support, thermal and moisture stresses, defective dowels, and structural deficiency of the 
pavement (NDOR, 2002). 
2.1.1.2.3 Transverse Cracks:  
These cracks occur parallel to the centerline of the pavement and break the panel 
into two (Class I) or more pieces (Class II). These are caused mostly due to thermal 
contraction, long joint spacing, overloading, and subgrade deformation (i.e. swelling, 
shrinkage or settlement) (FHWA, 2014 a). 
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2.1.1.2.4 Pattern Cracking:  
These are severe interconnected cracks occurring anywhere in the slab but not 
extending to the entire depth of the panel. Material related distress like alkali-aggregate 
reactivity and shrinkage are the main reasons behind these cracks (NDOR, 2002). 
2.1.1.2.5 Surface Distress:  
This is a result of scaling, spalling, and chipping of the concrete surface, which 
considerably increases the roughness of the pavement and reduces the durability in the 
long run. Surface distress is generally measured in square feet per panel, and excludes the 
distresses within two feet of a joint. Poor mix design, thermal and moisture stresses, 
corrosion in reinforcing steel, and insufficient concrete cover for reinforcement are 
mainly responsible for this kind of distress (FHWA, 2014 a). 
2.1.1.2.6 Slab Cracking: 
 This refers to any longitudinal or diagonal crack that runs through the full depth 
of the slab. Factors involved are overloading, long joint spacing, shallow or late joint 
sawing, pumping of the subgrade, curling or warping of the slab, and the presence of a 
culvert or utility trenches (NDOR, 2002). 
The fifteen distress types described above and their corresponding applicable treatment 
processes are presented in Table 1. 
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Table 1: Pavement Distress Types and Treatments 
 
2.1.2 Pavement Maintenance, Repair, and Rehabilitation 
The US arterial network constantly undergoes MRR activities. Uddin et al (2013) defined 
maintenance as “the set of activities required to keep a component, system, infrastructure asset, 
or facility functioning as it was originally designed and constructed to function (Uddin, Hudson, 
& Haas, 2013).” Pavement repair, also known as pavement restoration, includes one or more 
corrective activities performed to mend existing deficiencies, and alleviate the serviceability of 
the pavement for its remaining service life, without considerably enhancing the structural 
capacity of the pavement (Hall et al., 2001).  Pavement rehabilitation, on the other hand, involves 
a significant improvement in the structural and functional component of a pavement leading to 
substantial upgradation of pavement condition and ride quality. Pavement rehabilitations are 
meant to provide a sizeable extension to the service life of the pavement (Hall et al., 2001). A 
brief description of the MRR activities studied in this research is given below: 
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Chip Seal/ Armor Coat x x x x x x x x
Crack Seal/ Fill x x x x x
Fog seal x x x x
Mill x x x x
Micro-surfacing x x
Thin Hot Mix Overlay x x x x x x x x x x x x
Crack and Joint Seal/Fill x x x
Full Depth Slab Repair x
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Slab replacement x x
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Maintenance
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2.1.2.1.1 Total Reconstruction  
This is a traditional process often used when long term performance has higher 
priority than cost (Jensen, Rea, & Syslo, 2008). This is also effective in correcting 
deficiencies in the sub-grade level. This process includes the removal of the existing 
pavement by milling to a depth of approximately 150 mm through the subgrade layer. 
The subgrade is stabilized, and a new layer of asphalt is laid, which ensures high quality 
and long-term performance (Jensen, Rea, & Syslo, 2008) 
2.1.2.1.2 Milling and Overlay 
The traditional and most cost effective repair method for flexible pavements has 
been mill and overlay (Jensen, Rea, & Syslo, 2008). This process can be used to remove 
surface distresses such as rutting, cracking, and raveling by milling 25 – 100 mm from 
the existing pavement. The milled surface is then provided with a tack coat and layers of 
asphalt. One of the major issues with mill and overlay is its limitation in solving the 
problems originating from the subgrade or lower pavement layers which often moves 
upward through the new overlay in a few years (Jensen, Rea, & Syslo, 2008). 
2.1.2.1.3 Thin Hot Mix Asphalt Overlays (HMA) or Resurfacing 
HMA is a combination of aggregates and different asphalt cements. The 
application thickness can vary between 15 to 30 mm. This type of treatment can be used 
for all types of roads and works best for high volume roads where longer life and low 
noise surfaces are expected. HMA application can be conducted with minimal impact on 
traffic (Raza, 1995).  
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2.1.2.1.4 Chip Seal 
In this process, asphalt is applied followed by a cover of single or multiple layers 
of aggregate. Chip seal can range in thickness from 10 to 40 mm. Rapid setting asphalt 
emulsion is commonly used. This treatment is suitable for low to moderate volume roads. 
Traffic can be allowed after rolling, with a restricted speed of 25 mph or less for two 
hours (Raza, 1995). 
2.1.2.1.5 Micro-surfacing 
This is a thin surface paving system prepared by mixing aggregate, polymer 
modified emulsion, water, mineral filler, and field control additive. This treatment can be 
used for both flexible and rigid pavements in case of texturing/sealing and rut filling 
(Raza, 1995). Traffic speed over fresh micro-surfacing should be restricted to 25 mph 
over fresh micro-surfacing (FHWA, 2002).  
2.1.2.1.6 Crack Seal 
Crack seal is done for working cracks, which are usually transverse and 
sometimes longitudinal or diagonal and meet the 3 mm movement criteria. This includes 
the treatment of cracks using specialized materials designed to adhere to the crack side 
walls in case of expansion and contraction. Rubber modified emulsions which are able to 
handle low-stress elongation especially at lower temperatures are suitable for this purpose 
(Smith & Romine, 1999).  
2.1.2.1.7 Fog Seal 
This involves the application of diluted emulsion without an aggregate cover and 
can only be used where the road surface is porous enough to absorb most of the emulsion 
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applied. This can be performed on both high and low volume roads (Raza, 1995). Fog 
seal curing time depends on the weather and pavement surface conditions. But under 
ideal conditions, it is recommended to keep traffic off the road for two hours after 
application until a minimum coefficient of friction of 0.30 is obtained (State of California 
Department of Transportation, 2003). Traffic speed moderation may be needed for fresh 
seal coat. Pilot cars can be used to keep traffic speed below 24 miles per hour (FHWA, 
2002). 
2.1.2.1.8 Asphalt Partial Depth Reclamation (APDR) 
 In this process, a part of the asphalt layer is “milled and windrowed by a milling 
unit, picked up from the roadway surface by a screening unit, screened, crushed if 
necessary, mixed with lime and/or emulsion and deposited back on the milled asphalt 
surface” by a milling machine (Jensen, Rea, & Syslo, 2008). The milled material is 
compacted after an hour of distribution. If the construction process starts during the day, 
traffic can be resumed in the evening of the same day. Partial depth reclamation is used at 
places where distresses are only limited to the upper asphalt layer, and the subgrades are 
in stable condition. The subgrade layer or the lower asphalt layer should be strong 
enough to resist the additional load of the recycling train during the reclamation process. 
The recycled materials can be stabilized by pulverizing and mixing with asphalt 
emulsions or with thin layers of soil and binders (Jensen, Rea, & Syslo, 2008).  
2.1.2.1.9 Asphalt Full Depth Reclamation (AFDR) 
This process involves the recycling and treatment of the whole section of the 
asphalt pavement, and some part of the subgrade, which can be used for the construction 
of a stable base course (Kearney & Huffman, 1999). The base material is improved by 
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adding asphalt emulsions and chemical agents such as calcium chloride, portland cement, 
fly ash, and lime. The process starts with pulverizing the existing pavement, mixing 
additives, laying the treated material, compacting, and finishing with a wearing course. 
Asphalt Full Depth Reclamation (AFDR) is generally performed on a depth of 100 to 300 
mm. Additional materials are only added if the excavated materials are not sufficient in 
attaining the desired depth. The benefits of full depth reclamation include significant 
improvement of the pavement structure and uniformity without altering the pavement 
geometry; low production, and engineering cost due to the use of recycled materials, 
elimination of waste; and minimization of environmental impacts due to extraction of 
materials and energy usage. AFDR can be used to eliminate a wide range of problems 
including all kinds of cracks, rutting, maintenance patches and potholes (FHWA, 2014 b). 
 Rigid Pavement MRR 
2.1.2.2.1 Continuously Reinforced Concrete Pavements (CRCP) & Full Depth Repair 
(FDR) 
Conventional pavement reconstruction involves demolishing the existing 
pavement, restoring the subbase and subgrade, laying reinforcement dowel bars, 
transporting and placing concrete, and finally curing and sawing the joints of the concrete 
(TxDOT, 2011). Full Depth Repair is mostly used for transverse cracks, shattered slabs or 
corner breaks in concrete pavement contraction design (CPCD), and for punchouts and 
deep spalling in continuously reinforced concrete pavements. This process includes 
identifying the distressed areas, saw-cutting the perimeters, removing the concrete slab, 
and damaged sub-base if needed. Holes are then drilled for tie bars to provide 
longitudinal and transverse steel continuity, followed by placing of concrete (TxDOT, 
2011). 
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2.1.2.2.2 Partial Depth Repair (PDR) 
Texas Department of Transportation (TxDOT) uses partial depth repair for only 
shallow spalling programs. Shallow spallings are considered to be of depth four inches or 
less and may also include horizontal delamination. The PDR procedure is similar to that 
of FDR, except parts of slabs are not fully replaced. Repair materials with bond strength 
and modulus of elasticity values comparable to the existing concrete are used instead 
(TxDOT, 2011). 
2.1.2.2.3 Joint Repair 
Joint repair is required for transverse construction joint failures in continuously 
reinforced concrete pavement (CRCP) and CPCD. This is often accompanied by FDR. 
Load transfer devices for CPCD include placement of dowels at the transverse joints and 
tie bars at longitudinal joints. For CRCP, joint repair is similar to the placement of tie 
bars as recommended in FDR (TxDOT, 2011). 
2.1.2.2.4 Diamond Grinding (DG) 
This is a process of removing a thin layer of hardened PCC pavement surface 
using closely spaced diamond blades to remove bumps and produce saw-cut grooves. DG 
is used to fix surface defects such as roughness, increase surface friction for old concrete 
pavement surfaces, and reduce noise due to tire-pavement interaction. DG also helps in 
improving the drainage and skid resistance by increasing the macro-texture of the 
surface. It can be performed during off-peak hours with short lanes closures without 
affecting the adjacent traffic (TxDOT, 2011). 
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2.1.2.2.5 Precast Concrete Pavement Systems 
Precast concrete slabs are fabricated off-site and transported to the project site. 
They are installed on prepared foundation and no field curing is required to achieve 
strength. They can be categorized into jointed systems and pre-stressed systems (FHWA, 
2014 c). This process can be completed overnight, on weekends, and during off-peak 
hours and thus decreases the duration of road closures. Precast panels serve best for the 
rehabilitation of busy intersections and ramps with heavy traffic and helps in reducing 
congestion (Merritt, McCullough, Burns, & Schindler, 2000). A higher quality of 
standard and fabrication is possible as the panels are precast off-site, increasing the 
durability of the repaired sections. Use of precast systems allow for thinner slabs and thus 
is suitable for roadways under overpasses with limited clearance. Concrete panels can be 
post tensioned on site to increase the strength of the structure, thus eliminating the need 
of pre-stressing and decreasing the risk of cracking in the slabs. There are some 
proprietary and nonproprietary precast slabs available such as Super-Slab, KWIK SLAB, 
and precast pre-stressed concrete pavement (PPCP), which can be customized in terms of 
thickness, cross slope, and layout requirements and can be installed quickly with minimal 
training (FHWA, 2014 c). 
2.1.2.2.6 Rapid Setting Concrete (RSC) 
RSC, also known as epoxy cement, resembles CRCP but does not contain any 
cementitious products (Lee & McCullouch, 2009). It is a mixture of epoxy and 
aggregates and can reach its full hardness and structural strength within a few hours, even 
at low temperatures (i.e. below 40⁰F). RSC demonstrates resistance to oil, water, and 
other chemicals such as acids. It can be applied in a thin overlay (i.e. about ½ - ¾ inch) or 
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can be used as patch filler. The commonly used epoxy based concrete materials include 
methyl methacrylate (MMA), high molecular weight methacrylate (HMWM), polyesters, 
and epoxy-urethanes. MMA is among the most frequently used materials because of its 
ease to use, although it is highly flammable, and has a strong odor. MMA can attain a 
structural strength of 8,000 psi in one hour at 70⁰ F. HMWM has similar characteristics 
to MMA but is less flammable and has less odor. However, it has a higher cost than 
MMA. Polyesters constitute the least costly options and are, therefore, widely used. 
However, they are not as fast setting and strong as HMWM and MMA, and can exhibit 
shrinkage problems on settling. Epoxy urethanes are mostly used for coating and 
waterproofing purposes, and do not contribute significantly to the strength of the 
pavement structure (Lee & McCullouch, 2009). 
2.2 Life Cycle Assessment  
Life cycle assessment (LCA) is a methodology to evaluate the environmental impacts of 
a product over its life cycle, i.e. from material extraction to the end of life disposition (Santero, 
Masanet, & Horvath, 2010). The guidelines for performing LCA are provided by the 
International Organization for Standardization (ISO), which demonstrate how LCA can help i) to 
reduce the life cycle of environmental impacts of the products, ii) to assist industrial, 
government, and non-government organizations in making an informed decision on the process 
design and re-design of a product, iii) to identify parameters to evaluate environmental 
performance, and iv) to attain marketing benefits by implementing eco-labeling schemes 
(Santero, Masanet, & Horvath, 2010). Possible life cycle stages of a process and its typical inputs 
and outputs are presented in Figure 1. 
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INPUTS SYSTEM 
BOUNDARY
OUTPUTS
Raw Materials
Energy
Raw Material 
Acquisition
Manufacturing
Use/ Reuse/ 
Maintenance
Recycle/ 
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Emissions
Waterborne 
Wastes
Solid Wastes
Coproducts
Other Releases
 
Figure 1: Life Cycle Stages (Hendrickson, Lave, & Matthews, 2006) 
The environmental impacts addressed by LCA are: resource use, direct impacts on nature 
and landscape, air pollution, soil pollution, surface water, noise, electromagnetic radiation or 
fields, and ionizing radiation. LCA analysis consists of four stages: goal definition, life cycle 
inventory, life cycle impact assessment, and life cycle interpretation. These stages are 
graphically presented in Figure 2. 
 
Goal and Scope Definition
· Identifying Information Type for Decision Making
· Determining the Required Specificity
· Organizing Data and Displaying Results effectively
· Determining Ground Rules for Performing LCA
Inventory Analysis
· Flow Diagrams to map process Inputs and Outputs
· Developing Data Collection Plan
· Using LCA software to collect and analyze Data
· Evaluating and Reporting the Results
Impact Assessment
Global Warming, Stratospheric Ozone Depletion, 
Acidification, Eutrophication, Photochemical Smog, 
Terrestrial Toxicity, Aquatic Toxicity, Human Health, 
Resource Depletion, Land Use, Water Use
IN
TER
PR
ETA
TIO
N
 
(Evaluating the Environm
ental 
Im
pacts of different A
lternatives)
 
Figure 2: Life Cycle Assessment Framework (ISO, 2006) 
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2.2.1 Goal Definition 
The first step is to clearly state goals and scope to understand, organize, and relate the 
results of LCA (ISO, 2006). To ensure efficient use of time and resources, a six-step process 
needs to be followed which includes: 
i) Defining the goals of the project: The primary goal is choosing the product and 
service that has the least impact on the environment and human health. Depending on 
the type of the project, there may be secondary goals for performing LCA. 
ii) Determining the type of information needed by the decision makers: Identifying 
appropriate questions can help decision makers to determine the types of information 
needed to answer the questions.  
iii) Determining the required specificity: Deciding the level of specificity of every study 
is important. Sometimes this level is obvious from the project under consideration, 
but in some cases it should be chosen from several options possible. 
iv) Determining how the data should be organized and the results displayed: A 
functional unit needs to be chosen for consistent comparisons between different 
products. 
v) Defining the scope of the study: It determines whether one or all of the four stages of 
a process life cycle should be included in the scope of the LCA.  
vi) Determining the ground rules for performing the work: This includes defining the 
logistical procedures for the project such as documenting assumptions, quality 
assurance procedures, and reporting requirements. 
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2.2.2 Life Cycle Inventory 
Life cycle inventory identifies and quantifies resources, energy inputs and products, and 
waste emission outputs for the entire life cycle of a process (ISO, 2006). According to the EPA, 
there are four steps in generating a life cycle inventory:  
i) Developing a flow diagram to map the inputs and outputs of the process, 
ii) Developing a data collection plan, 
iii) Collecting data by using LCA software, existing literature and observations 
iv) Evaluating and reporting the results. 
2.2.3 Life Cycle Impacts Assessment (LCIA) 
LCIA determines the potential environmental and human health effects associated with a 
product’s life cycle (ISO, 2006). LCIA consists of the following steps: 
i) Selection and definition of relevant environmental impact categories, 
ii) Organizing and combining LCI results into impact categories, 
iii) Characterizing the impacts using science-based conversion factors. Table 2 
presents some commonly used life cycle impact categories with their examples, 
iv) Normalization of impact indicator results which can be compared among the 
impact categories, 
v) Grouping and sorting the indicators by their characteristics and ranking system, 
vi) Assigning weights to different impact categories based on their importance, 
vii) Evaluating and documenting LCIA results and verifying the accuracy of the 
results. 
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Table 2: Commonly Used Life Cycle Impact Categories (Scientific Application 
International Corporation (SAIC), 2006) 
Impact Category Scale Example of LCA Data 
Global Warming Global Carbon Dioxide, Nitrogen Dioxide, 
Methane, Chlorofluorocarbons, Hydro 
Chlorofluorocarbons, and Methyl Bromide 
Stratospheric Ozone 
Depletion 
Global Chlorofluorocarbons, Hydro 
Chlorofluorocarbons, Halons, Methyl 
Bromide 
Acidification Regional 
Local 
Sulfur Oxides, Nitrogen Oxides, 
Hydrochloric Acid, Hydrofluoric Acid, and 
Ammonia 
Eutrophication Local Phosphate, Nitrogen dioxide, Nitrogen 
oxide, Nitrates, and Ammonia 
Photochemical Smog Local Non-methane Hydrocarbon (NMHC) 
Terrestrial Toxicity Local Toxic chemicals with a reported lethal 
concentration to rodents 
Aquatic Toxicity Local Toxic chemicals with a reported lethal 
concentration to fish 
Human Health Global 
Regional 
Local 
Total releases to air, water, and soil 
Resource Depletion Global 
Regional 
Local 
Quantity of minerals used 
Quantity of fossil fuels used 
Land Use Global 
Regional 
Local 
Quantity disposed of in a landfill or other 
land modifications 
Water Use Global 
Regional 
Local 
Water used or consumed 
Descriptions of some of the commonly used life cycle impact categories are presented below: 
 Global Warming Potential (in kg CO2 eq):  
The global warming potential of a gas is measured by its ability to absorb energy over a 
period of 100 years compared to carbon dioxide (VanDunien & Deisl, 2006). Gases like carbon 
dioxide, methane, and CFCs absorb the sun’s radiation (infrared radiation) that is reflected from 
30 
 
the surface of the earth, and then they release it in every direction including towards the surface 
of the earth. The amount of GHG is increasing due to human activities, which is resulting in a 
warming effect on the earth’s surface. The greenhouse potential of an emission is generally 
expressed in terms of amount of CO2 equivalent released in the atmosphere (VanDunien & Deisl, 
2006).  
 Acidification potential (in moles of H+ eq):  
Acidification potential is defined as the “ability of certain substances to build and release 
H+ ions” (VanDunien & Deisl, 2006). Gases like sulfur dioxide and nitrogen oxide dissolve with 
water particles in the atmosphere and form their respective acids like H2SO4 and HNO3 
respectively, which reduces the pH-value of rainwater and fog from 5.6 to 4. This increases the 
acidity of the water and damages the ecosystem in many ways. Acidic water is harmful to trees 
and may cause major forest dieback. Acid rain may deplete the amount of nutrients in the soil 
and may increase the solubility of metals. It may also deteriorate built environment by reacting 
with metals and natural stones. The extent of acidification may vary regionally (VanDunien & 
Deisl, 2006). 
 Eutrophication Potential (in kg N eq):  
Eutrophication involves the increase of concentration of nutrients at a particular location, 
and is caused by various elements such as air pollutants, waste water, and fertilizers (VanDunien 
& Deisl, 2006). This causes excessive algae growth that prevents sunlight from reaching the 
lower levels of the water body. This hinders the photosynthesis process, and reduces the level of 
oxygen in the water. This leads to an anaerobic condition, and eventually causes the death of the 
fish. Due to the lack of oxygen, dead fish and algae undergo anaerobic decomposition, which 
produces gases like hydrogen sulfide and methane, which are again harmful for the ecosystem. 
Eutrophicated soils reduce immunity of the plants, and make them vulnerable to pests. Excess 
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nutrition levels may increase the amount of nitrogen in the soil, and may leach into the 
groundwater as nitrate. Although a small amount of nitrate is harmless for humans, the reaction 
product nitrite is quite toxic (VanDunien & Deisl, 2006).  
 Ozone Depletion Potential (in kg CFC-11 eq):  
Gases like chlorofluorocarbons (CFCs) and nitrogen oxides (NOX) have a depleting 
effect on the ozone layer (VanDunien & Deisl, 2006). Ozone is a disassociated product of 
oxygen produced in the atmosphere due to the exposure of short-wave UV-light. The ozone layer 
in the stratosphere is 15–50 km high and absorbs the short wave UV radiation while only letting 
the longer wavelengths pass through. This is critical for life on earth as humans, animals, and 
plants are sensitive to UV-B and UV-A radiation. UV radiation also causes warming of the 
Earth’s surface, changes or decreases in crop harvest due to the disruption of photosynthesis, 
increases risks of skin cancer and eye disease for humans, and decreases sea planktons, which 
affects the whole ecosystem adversely. The ozone depletion potential is the measure of the 
ability of different ozone related substances to destroy the ozone layer and is measured in the 
amount equivalent of CFC 11. The long term, global and irreversible effects are taken into 
account during the calculation process (VanDunien & Deisl, 2006). 
 Smog Potential (in kg O3 eq):  
Although ozone is useful in the stratosphere, it is considered a harmful gas at the ground 
level (VanDunien & Deisl, 2006). Ozone is created as a result of photochemical reaction in the 
presence of the sun’s radiation, nitrogen oxides, and hydrocarbons in the troposphere. It is also 
termed as summer smog which in higher concentration is toxic to human beings and may 
damage vegetation. Hydrocarbon emissions are caused by the incomplete combustion of fossil 
fuels and produces high concentrations of ozone at places with high temperatures, less humidity, 
and static air conditions. As ozone is reduced to NO2, CO2 and O2 by NO and CO, the 
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concentration is generally low near the source of hydrocarbon emissions; but it occurs at places 
with clean air like forests or the country side. The smog potential is calculated in amounts of 
ozone equivalent. The smog potential depends greatly on the local weather and other regional 
characteristics (VanDunien & Deisl, 2006). 
2.2.4 Life Cycle Interpretation 
Life Cycle Interpretation is the final phase of the LCA process where the results obtained 
from the LCI and LCIA are identified, quantified, checked, and evaluated. According to the 
International Organization for Standardization (2006), the objective of this phase is to analyze 
results, reach conclusions, explain limitations, and provide recommendations based on the 
findings of the preceding phases of the LCA. It is necessary to report the results of the life cycle 
interpretation in a transparent manner, and to provide a readily understandable, complete, and 
consistent presentation of the results of a LCA study in accordance with the goal and scope of 
the study (ISO, 2006). The steps included in this phase are: 
i) Identification of significant issues 
ii) Evaluation of completeness, sensitivity, and consistency of data; and 
iii) Conclusion and recommendation 
2.3 Life Cycle Assessment of Pavements 
Cass and Mukherjee (2011) calculated the greenhouse gas effects of hot mix asphalt 
reconstruction projects and concrete rehabilitation and reconstruction projects in the state of 
Michigan. The Michigan DOT organizes its inventory data using the “Field Manager” tool. The 
data was then used by the authors to calculate the environmental impacts using EIO-LCA and e-
Calc (GHG Emission Calculator). The results indicate that emissions related to the concrete 
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rehabilitation projects are significantly more than emissions of the HMA reconstruction project 
(Cass & Mukherjee, 2011). 
The life cycle impacts of overlay systems, engineered cementitious composites (ECC), 
and hot mixed asphalt (HMA) were studied by Keoleian et al. (2005). The LCA model prepared 
had six modules to calculate the impacts for different components involved: i) Material used 
(using SimaPro), ii) Construction Equipment (using NONROAD emission model), iii) 
Distribution, iv) Traffic Congestion, v) Usage (using MOBILE 6.2 Emission Model, KyUCP 
Traffic Flow Model, Fuel Economy Model, and the Roughness Model), and vi) End of Life 
(Keoleian, et al., 2005). The environmental impact categories studied in this paper are energy 
and material resources consumption, air and water pollutant emissions, solid waste generation, 
and global warming potential. The elements investigated were GHG emissions, carbon 
monoxide, volatile organic compound (VOC), PM2.5, NOx, SOx, ammonia, biological oxygen 
demand (BOD), dissolved matter, and phosphates. From an environmental point of view, the 
ECC system consumes less energy and uses fewer nonrenewable resources, resulting in fewer 
emissions and pollutants. ECC also excels from a social perspective by reducing user delay due 
to traffic congestion (Keoleian, et al., 2005). 
Zapata and Gambatese (2005) presented their study on the energy consumption of 
continuously reinforced concrete pavements (CRCP) and asphalt pavements. LCA was 
performed using both the process-based and EIO-LCA models. The process model used is called 
the Society of Environmental Toxicology and Chemistry – Environmental Protection Agency 
(SETAC-EPA) technique. Widely used in the USA and many European countries, this model 
divides the system into individual processes that can be analyzed independently, and the results 
can be summarized in a flow chart. The study was conducted on a one kilometer section of a 
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typical two-lane highway with a high volume of traffic. The environmental impacts were 
calculated throughout various life cycle phases of the pavement. The study shows that cement 
production requires more energy than that of bitumen and also PCC pavements require more 
energy for extraction of raw materials, manufacturing, and placing of course pavement materials. 
In asphalt pavement construction, the majority of energy is consumed during asphalt mixing and 
the drying of aggregates. The authors recommended the use of byproducts like fly ash as a 
substitute for cement and limestone in concrete mixtures. Some of the advantages of using fly 
ash in concrete are: less CO2 emissions, less energy consumption, fewer landfills, better 
workability, less water requirement, lower permeability, higher durability, better crack 
resistance, and higher ultimate strength of concrete (Zapata & Gambatese, 2005). 
A life cycle optimization (LCO) model was prepared by Kendal et al. (2008) to determine 
the optimal preservation (maintenance and rehabilitation) strategy for pavement overlay systems, 
and to minimize the total life cycle energy consumption and emissions. Three pavement overlay 
systems i.e. concrete, ECC, and HMA were analyzed in this study using an integrated LCA-
LCCA model, a pavement deterioration model, and a LCO model. The integrated LCCA-LCA 
model can calculate agency cost, user cost, and environmental cost depending on the life cycle 
impacts of the pavement. The LCO model captures construction events, traffic congestion, and 
roughness effects dynamically, and calculates the energy consumption, costs, and GHG 
emissions for various levels of pavement performance. Overall, results show that the optimal 
preservation strategies will reduce total life cycle energy consumption by 5-30%, GHG 
emissions by 4-40%, and cost by 0.4-12% for all the overlay systems (Kendall, Keoleian, & 
Helfand, 2008). 
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Yu and Lu (2012) conducted a LCA case study on overlay systems such as Portland 
Cement Concrete (PCC) overlay, hot mix asphalt (HMA) overlay, and crack and seal (Yu & Lu, 
2012). The research takes into consideration the construction, operation and end of life phases 
for the analysis. Environmental impacts due to materials were evaluated using various tools 
made available by agencies like Portland Cement Association, Athena Institute, and the Swedish 
Environmental Research Institute. Emission data for trucks and construction equipment were 
obtained from USEPA’s tool NONROAD 2008. Traffic emissions were computed using 
FHWA’s spreadsheet based traffic analysis tool QuickZone. The vehicle delay results computed 
were used to calculate fuel consumption and the resultant emissions. The impacts during the 
usage period is computed in terms of pavement roughness after the MRR activities, structural 
effects, albedo, and carbonation. The study finds PCC overlay and Crack and Seal to have lesser 
environmental impacts than HMA overlay (Yu & Lu, 2012). 
Santos et al. (2015) in their study of LCA models for pavement management, discovered 
that LCA considerations in infrastructure decision making are still minimal, partly due to 
unfamiliarity of agencies about the environmental effects of Pavement MRR, and partly from the 
notion that sustainability come with higher initial costs (Santos, Ferreira, & Flintsch, 2015).  The 
authors prepared a LCA model using VB.net program using data obtained from Portuguese 
pavement projects and available literature. The focus of this study was limited to formation of 
the LCA model and was not used to evaluate any pavement MRR strategy. 
2.4 LCA Models 
Life cycle assessment can be conducted using three types of models namely i) Process-
based LCA, ii) Economic input-output model, and iii) Hybrid model. 
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2.4.1 Process Based LCA 
The USEPA and Society of Environmental Toxicology and Chemistry (SETAC) have 
played important roles in standardizing LCA in the United States. ISO 14041 lists the steps 
required for processing a system such as defining the goal, conducting the life cycle inventory, 
assessing the life cycle impact, and performing the interpretation (ISO, 2006). The method 
divides each system into individual process flows and attempts to quantify their impacts on the 
environment. The process method systematically computes the known environmental inputs and 
outputs by utilizing a process flow diagram. The data collection process includes gathering 
information from the architect, engineer, prime contractors, and owner. Data sources are 
construction drawings, technical specifications, approved submittals, bid tabulation, and 
schedules. The advantage of the process-based method is that it can calculate the materials and 
energy balances of each facility in great detail (ISO, 2006). 
2.4.2 Input-Output Model (EIO-LCA) 
The input–output method considers the direct effects of resources and related emissions 
to the environment, and all indirect effects involved in the supply chain. The Department of 
Commerce in collaboration with Carnegie Mellon University integrated the economic input and 
output table with resources extracted and environmental discharges to prepare a 480 x 480 matrix 
which forms the body of the EIO-LCA tool (Green Design Institute, 2017). The data used in the 
EIO-LCA tool are derived from public datasets and assembled for different sectors. The tool 
considers a very large boundary and covers the entire economy and most of the materials and 
energy inputs. EIO-LCA reports the effects of a project on energy, global warming potential, 
resource conservation and hazardous wastes, toxic releases inventory (TRI), and toxic air 
releases. The four basic steps for EIO-LCA are as follows: 
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i) Estimating output changes to final demand by sector 
ii) Assessing direct and indirect economic changes with the input-output model 
iii) Assessing environmental discharges as a result of sector output changes  
iv) Adding all the sector discharges to find the overall discharge 
The advantages and disadvantages of Process LCA over EIO-LCA are listed in Table 3 
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Table 3: Advantages and Disadvantages of Process LCA and EIO-LCA Modeling 
Approaches (Hendrickson, Lave, & Matthews, 2006) 
 Process Model EIO-LCA 
Advantages 
· Detailed process-specified 
analysis 
· Specific product 
comparisons 
· Process improvements, 
weak point analyses 
· Future product development 
assessments 
· Economy-wide, comprehensive 
assessments (all direct and indirect 
environmental effects included) 
· System LCA: industries, products, 
services, national economy 
· Sensitivity analyses, scenario planning  
· Publicly available data, reproducible 
results 
· Future product development 
assessments 
· Information on every commodity in the 
economy 
Disadvantages 
· Subjective system 
boundary-setting  
· Time intensive and costly 
· Difficulty in new process 
design  
· Use of proprietary data 
· Inability to be replicated if 
confidential data are used 
· Uncertainty in data 
· Some product assessments contain 
aggregate data 
· Difficulty in process assessments 
· Difficulty in linking dollar values to 
physical units 
· Economic and environmental data may 
reflect past practices  
· Imports treated as US products 
· Difficulty to apply to an open economy 
(with substantial non-comparable 
imports) 
 
 
2.4.3 Hybrid Model 
The Hybrid LCA model combines the benefits of both process and input-output methods. 
EIO-LCA simplifies the modeling procedure, while process models improve the quality of 
analysis. Some examples of Hybrid LCA are: tiered, I-O based hybrid, integrated, and 
augmented process based (Hendrickson et al. 2006). The Hybrid LCA can be applied more easily 
than the I-O method or the process method alone. The advantages of Hybrid LCA are as follows: 
i) Ability to perform more than one analysis in parallel for comparison purposes 
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ii) Using the detailed answers from process analysis to get more detailed answers from 
the EIO-LCA model 
iii) Using the comprehensive scope of EIO-LCA to overcome the boundary limitation of 
process analysis 
iv) Using process analysis to get data which can be used to modify coefficients or 
disaggregate a sector 
2.5 Life Cycle Assessment Tools 
In recent years, due to the advancement of computer technology, a number of software 
tools were prepared to perform life cycle assessment. A brief review of some of the LCA tools 
available is presented below: 
2.5.1 BEES 3.0 (Building for Environmental and Economic Sustainability) 
BEES 3.0 was developed by the National Institute of Standards and Technology Building 
and Fire Research Laboratory (Lippiatt, 2002). This tool uses the ISO 14040 LCA approach, and 
can measure the environmental performance of building products, and balance the environmental 
and economic performance of building products. It analyzes all life stages of a product, such as 
raw material acquisition, manufacturing, transportation, installation, use, and recycling and waste 
management. The software has its own database, and it comes with data files containing rolled-
up LCIs for over 230 building products and parking lot paving. Some of the environmental and 
economic performance measures used in this software include global warming acidification, 
eutrophication, fossil fuel depletion, indoor air quality, habitat alteration, water intake, criteria air 
pollutants, smog, ecological toxicity, ozone depletion, and human health (Lippiatt, 2002).  
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2.5.2 CMLCA 4.2 (Chain Management by Life Cycle Assessment)  
CMLCA was created by the Center of Environmental Sciences at Leiden University. 
Besides calculating all the components of LCA, the software also calculates social LCA, life 
cycle sustainability assessment (LCSA), environmental input-output analysis (EIOA), and eco-
efficiency analysis (E/E). CMLCA 4.2 supports full hybrid inventories. The software is free and 
does not need to be installed on a computer. The necessary database needs to be downloaded to 
carry out the specific required analysis (Heijungs, 2012).  
2.5.3 SimaPro (System for Integrated Environmental Assessment of Products) 
SimaPro was developed by Pre Consultants B.V. and can be used for life cycle 
management (LCM). Some additional features of this tool besides performing LCA is life cycle 
work environment (LCWE), product stewardship, supply chain management, design for 
environment, and design for reliability, life cycle engineering (LCE), and substance/material 
flow analysis. This software allows users to make hybrid data models that combine input-output 
with traditional processes, and can measure environmental impacts such as carbon footprint, 
product design, and eco-design, and environmental product declaration. SimaPro uses its own 
database, and a library with eleven impact assessment methods and includes several inventory 
databases with thousands of processes (PRe Sustainability, 2017). 
2.5.4 GaBi (Ganzliche Bilanzierung) 
GaBi was developed by PE International and the University of Stuttgart. The GaBi 
database has a large number of datasets and consists of about 1000 processes. This software is 
used widely by industries to reduce resource costs, develop more sustainable processes, increase 
product preference, improve regulatory compliance, increase brand value, and create more 
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sustainable products Activities that can be performed are life cycle assessment, life cycle costing, 
life cycle reporting, and life cycle working environment (thinkstep Global , 2017).  
2.6 Methodology 
Life cycle assessment (LCA) methodology, provided by the International Organization 
for Standardization (ISO), was used in this study to evaluate the environmental impacts of 
pavement MRR activities (ISO, 2006). The four stages of LCA related to this study are as 
follows: 
2.6.1 Scope 
The study analyzes the life cycle inventory of embodied primary energy and greenhouse 
gas (GHG) emissions of maintenance, repair, and rehabilitation activities of flexible and rigid 
pavements. The GHG emissions were combined and calculated in terms of CO2 equivalent, 
which is the characteristic measure for global warming potential. The scope boundary includes 
only the processes that are relevant to pavement MRR. The road system boundaries include 
material use and construction process for granular sub-base, base, and finished surface. It does 
not take into consideration right-of-way clearing, sub-grade construction, lane dividing painting, 
barrier construction, right-of-way restoration, and other activities not directly related to 
pavement itself.  
2.6.2 Functional Units 
A functional unit is necessary to conduct consistent comparisons between different 
process analyses and results. All the parameters were analyzed over one center mile of the 
respective functional road types. The results were also annualized for one square meter of the 
pavement for comparisons. The functional definition and traffic capacity of each type is adopted 
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from FHWA Highway Statistics 2010 and is presented in Table 4 (FHWA, 2010). The highway 
design parameters considered for calculating the material quantities were at par with American 
Association of State Highway and Transportation Officials (AASHTO) (1993). The mechanistic-
empirical design methods prepared by the Portland Cement Association were also used.  
Table 4: Basic Design and Traffic Capacity by Functional Type (FHWA, 2010) 
Functional Type  Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
F
u
n
ct
io
n
a
l 
D
ef
in
it
io
n
 
AADT 
(Vehicles/ 
Day) 
78,187 52,908 19,133 9,405 4,194 961 
Total Lanes 6 4 4 2 2 2 
Lane Width 
(meters) 
3.7 3.7 3.7 3.7 3.4 2.7 
2.6.3 Rehabilitation Schedule 
Maintenance and rehabilitation schedules for different types of MRR, their life 
expectancy, construction process, and materials used are necessary to estimate the lifecycle 
impacts of the MRR activities throughout the design life of a pavement. Schedules are 
specifically important for rehabilitation activities as they involve more materials, equipment, and 
energy intensive activities. It is difficult to find schedules for small maintenance and repair 
activities like chip seal, slurry seal, fog seals, concrete seal joints, etc. because they are highly 
dependent on location, weather conditions, and the local DOT. Materials and energy required for 
these activities are also much smaller than rehabilitation activities. The materials used and the 
life expectancy of minor maintenance activities are presented in Table 5. 
Table 5: Life Expectancy of Minor Treatment Types (Chehovits & Galehouse, 2010) 
Treatment 
Type Materials used 
Expected Life 
Span (Year/s) 
Chip Seal 
Emulsion (2 L/m2), Aggregate (21 kg/m2) 5 – 10 
Emulsion (1.6 L/m2), Aggregate (15 kg/m2) 5 – 10 
12% Emulsion (13 kg/m2) 3 – 5  
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Micro-
surfacing 14% Emulsion (8.7 kg.m2) 2 – 4  
Crack Seal 0.37kg/m 1– 3  
Fog Seal 
0.23 l/m2, 50/50 diluted emulsion 1 
0.46 l/m2, 50/50 diluted emulsion 1 
0.69 l/m2, 50/50 diluted emulsion 1 
 
Rehabilitation schedule varies for different DOTs. Sample rehabilitation schedules used 
by the Ontario Ministry of Transportation (OMOT) in Canada were used for the analysis and are 
presented in Table 6. OMOT uses AASHTO 1993 design guidelines for their pavement design as 
followed by most of the state DOTs in the USA. Thus, the analysis results can provide USDOT 
officials with an idea of the environmental impacts of MRR activities for different functional and 
structural types of pavements.   
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Table 6: Pavement Rehabilitation Schedule (Athena Sustainable Material Institute, 2013)  
F
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e Activity Type 
Years 
after 
Initial 
Const. 
Expected 
Life 
Span 
(Years) 
Materials Thickness 
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Partial Depth Reclamation 10 5 Reclaimed Pavement (Super Pave (SP) 12.5), Emulsified Asphalt Tack Coat (1 
mm). Detailed information about Super Pave can be found in FHWA’s Super 
Pave Mixture Design Guide (FHWA, 2001). 
40 mm 
Milling and overlay 20 15 Milling and Overlay with Super Pave 12.5 40 mm 
Partial Depth Reclamation 30 5 Reclaimed Pavement (SP12.5), Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Full Depth Reclamation 35 13 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 80 mm 
Milling and overlay 35 13 Milling and Overlay with Super Pave 12.5 40 mm 
Partial Depth Reclamation 43 5 Reclaimed Pavement, Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Milling and overlay 48 12 Milling and Overlay with Super Pave 12.5 40 mm 
P
ri
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P
a
v
em
en
t)
 
Partial Depth Reclamation 10 5 Reclaimed Pavement, Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Partial Depth Reclamation 15 5 Reclaimed Pavement, Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Milling and overlay 20 15 Milling and Overlay with Super Pave 12.5 FC1 40 mm 
Partial Depth Reclamation 30 5 Reclaimed Pavement, Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Full Depth Reclamation 35 13 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 80 mm 
Milling and overlay 35 13 Milling and Overlay with Super Pave 12.5 FC1 40 mm 
Partial Depth Reclamation 43 5 Reclaimed Pavement (12.5FC1), Emulsified Asphalt Tack Coat  (1 mm) 40 mm 
Resurfacing 48 12 Resurfaced with SP19, Emulsified Asphalt Tack Coat (1 mm) 50 mm 
Milling and overlay 48 12 Milling and Overlay with Super Pave 12.5 FC1 90 mm 
F
re
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P
a
v
em
en
t)
 
Rout and Seal 5 5 Rubberized Asphalt Sealant (for cracks 0.019 mm wide) 19 mm  
Partial Depth Reclamation 10 5 Reclaimed Pavement (12.5FC1), Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Milling and Overlay 20 15 Milling and Overlay with Super Pave 12.5 FC1 40 mm 
Partial Depth Reclamation 30 5 Reclaimed Pavement (12.5FC1), Emulsified Asphalt Tack Coat  (1 mm) 40 mm 
Resurfacing 35 13 Resurfacing with SP19, Emulsified Asphalt Tack Coat (1 mm) 50 mm 
Milling and overlay 35 13 Milling and Overlay with Super Pave 12.5 FC1 90mm 
Partial Depth Reclamation 45 5 Reclaimed Pavement (12.5FC1), Emulsified Asphalt Tack Coat  (1 mm) 40 mm 
45 
 
F
u
n
ct
io
n
a
l 
T
y
p
e Activity Type 
Years 
after 
Initial 
Const. 
Expected 
Life 
Span 
(Years) 
Materials Thickness 
Full Depth Reclamation 48 12 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 100 mm 
Milling and overlay 48 5 Milling and Overlay with Super Pave 12.5 FC1 40 mm 
In
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Partial Depth Reclamation 8 5 Reclaimed Pavement (12.5FC1), Emulsified Asphalt Tack Coat  
(1 mm) 
40 mm 
Partial Depth Reclamation 13 5 Reclaimed Pavement (12.5FC1), Emulsified Asphalt Tack Coat  
(1 mm) 
40 mm 
Full Depth Reclamation 18 14 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 120 mm 
Milling and Overlay 18 14 Milling and Overlay with Super Pave 12.5 FC1 50mm 
Partial Depth Reclamation 28 5 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 50 mm 
Full Depth Reclamation 32 13 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 50 mm 
Milling and Overlay 32 13 Milling and Overlay with Super Pave 12.5 FC1 90 mm 
Partial Depth Reclamation 40 5 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 40 mm 
Full Depth Reclamation 45 12 Reclaimed Pavement (SP19), Emulsified Asphalt Tack Coat (1 mm) 120 mm 
Milling and Overlay 45 12 Milling and Overlay with Super Pave 12.5 FC1 50 mm 
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Seal Joint 12 13 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 25 15 Replacing PCC 180 mm 
Partial Depth Repair 25 15 Replacing PCC 60 mm 
Seal Joint 25 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm)   
Full Depth Repair 40 15 Replacing PCC 180 mm 
Partial Depth Repair 40 15 Replacing PCC 60 mm 
Seal Joint 40 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
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Seal Joint 12 13 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 25 15 Replacing PCC 190 mm 
Partial Depth Repair 25 15 Replacing PCC 63 mm 
Seal Joint 25 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 40 15 Replacing PCC 190 mm 
Partial Depth Repair 40 15 Replacing PCC 63 mm 
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Life 
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(Years) 
Materials Thickness 
Seal Joint 40 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
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Seal Joint 12 13 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 25 15 Replacing PCC 200 mm 
Partial Depth Repair 25 15 Replacing PCC 67 mm 
Seal Joint 25 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 40 15 Replacing PCC 200 mm 
Partial Depth Repair 40 15 Replacing PCC 67 mm 
Seal Joint 40 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
F
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 Partial Depth Repair 12 13 Replacing PCC 67 mm 
Seal Joint 12 13 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 25 15 Replacing PCC 200 mm 
Partial Depth Repair 25 15 Replacing PCC 67 mm 
Seal Joint 25 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 40 15 Replacing PCC 200 mm 
Partial Depth Repair 40 15 Replacing PCC 67 mm 
Seal Joint 40 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
In
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Partial Depth Repair 12 13 Replacing PCC 67 mm 
Seal Joint 12 13 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Full Depth Repair 25 15 Replacing PCC 200 mm 
Partial Depth Repair 25 15 Replacing PCC 67 mm 
Seal Joint 25 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Diamond Grinding 25 15 Concrete Texturization 5 mm 
Full Depth Repair 40 15 Replacing PCC 200 mm 
Partial Depth Repair 40 15 Replacing PCC 67 mm 
Seal Joint 40 15 Rubberized Asphalt Sealant (for cracks width 0.0115 mm) 23.5 mm 
Diamond Grinding 40 15 Concrete Texturization 5 mm 
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2.6.4 LCA Modeling 
The analysis was performed on Athena’s Impact Estimator for Highways. The Athena 
Institute has prepared a comprehensive life cycle inventory which assists construction 
professionals in comparing design alternatives from an environmental point of view right from 
the preplanning stage of a project. It provides the decision makers with robust cradle-to-grave 
information about the impacts of building materials, products, transportation, and construction 
and demolition processes. It is helpful for agencies not having in-house LCA experts. The 
Athena Impact Estimator for Highways (AIEH) is based on the LCA methodology standards 
specified by the International Organization of Standards (ISO) 14040 and 14044 series. The data 
used by Athena’s tools comes from the US Life Cycle Inventory Database and Athena’s own 
database. 
The inventory documents the flow of energy and raw materials from nature to consumers 
and the resulting emissions to air, water, and land. This tool was initially prepared for freeways 
and major arterials, but it can be used to analyze any roadway. Although AIEH was built for nine 
locations in Canada, it was customized to match the inventory characteristics of cities in the 
United States. Inputs were provided on types of base, sub-base, and surface pavements using a 
simple graphic user interface. The software then runs the parameters through a wide array of 
databases of materials, energy, equipment, and transportation prepared by Athena. Material data 
comprises of national and industrial averages for the life cycle processes such as extraction, 
processing, and manufacturing of each material.  
The footprint results are generated to present the environmental impacts in terms of 
global warming potential, acidification potential, ozone depletion potential, smog potential, and 
eutrophication potential as suggested by the US Environmental Protection Agency Tool for 
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Reduction and Assessment of Chemical and Other Environmental Impacts (US EPA TRACI). 
Other results include fossil fuel consumption and bill of materials required for the roadway 
design. AIEH calculates pre-combustion energy required to extract, refine, and deliver each 
material and the corresponding emissions to water, air, and land throughout the life cycle of the 
material. It also takes into account recycled content, if any, but ignores the demolition and 
disposal phase as most highways have a long service life. 
The data screen requires the entry of a few general data like project name, location, and 
roadway lifespan. The default lifespan of the roadway is considered to be 50 years in the 
software but can be changed from 30–100 years depending on specific projects. For this study 50 
year life span was considered, as per the guidelines provided by 1993 AASHTO Guide for 
Design of Pavement Structures (AASHTO, 1993). The functional unit chosen is gross roadway 
paved surface area including shoulders. All the results are based on the surface area provided and 
the roadway assembly design. AIEH provides a list of heavy equipment that are most commonly 
used for pavement MRR. A default set of equipment are also selected for each activity. Users can 
customize the list if needed. Average transportation distances of materials in Canada are used by 
default by the software. These distances were adjusted using the United States national averages. 
The values were obtained from the Bureau of Transportation Statistics and the U.S. Census 
Bureau and are presented in Table 7 (USDOT and USDOC, 2010).  The mixes used for concrete 
and asphalt can also be modified if necessary. The roadway design dialogue box is used to record 
roadway cross sections, and geometry is used to estimate the quantity of materials required. 
AIEH has a database of fifty existing highway designs to choose from and also allows users to 
customize according to their needs depending on the functional type (such as collector road, 
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minor arterial and major arterial) and the pavement type (i.e. flexible, rigid, or composite). The 
GWP and energy usage for prefabricated pavement systems were obtained from GaBi. 
Table 7: Average Distance of Commodities in United States (USDOT and USDOC, 2010) 
Material Type Average 
Miles Per 
Ton 
Tons 
(Thousands) 
Ton-Miles 
(Millions) 
Air-Cooled Blast-Furnace Slag - Crushed 72.9 885,363 64,556 
Air-Cooled Blast-Furnace Slag - Not Crushed 72.9 885,363 64,556 
Aluminum 590.6 38,789 22,908 
Asphamin 590.6 38,789 22,908 
Bitumen 152.1 329,862 50,173 
Coarse Aggregate Crushed Stone 72.5 2,039,457 147,770 
Coarse Aggregate Natural 72.5 2,039,457 147,770 
Cold Rolled Sheet 325.7 185,342 60,375 
Crumb Rubber (Rubber) 646.2 79,626 51,457 
Ethylene Vinyl Acetate 490.5 105,152 51,579 
Fine Aggregate Crushed Stone 90.3 1,636,064 147,770 
Fine Aggregate Natural 89.4 460,085 41,125 
Fly Ash 72.9 885,363 64,556 
Granulated Blast-Furnace Slag 72.9 885,363 64,556 
Granulated Nickel Slag 72.9 885,363 64,556 
Granulated Steel Slag 72.9 885,363 64,556 
Ground Granulated Blast-Furnace Slag 72.9 885,363 64,556 
Hollow Structural Steel 329.6 103,111 33,986 
Hot Rolled Sheet 325.7 185,342 60,375 
Hydrated Lime 122.4 204,141 24,995 
Lime 61.9 16,563 1,026 
Low Density Polyethylene 496.2 82,469 40,919 
Mineral Filler Crushed Stone 72.9 885,363 64,556 
Mineral Filler Natural 72.9 885,363 64,556 
Nails 398.8 58,733 23,424 
Portland Cement 122.4 204,141 24,995 
Portland Lime Cement 122.4 204,141 24,995 
RAP Aggregate 72.9 885,363 64,556 
RCM Aggregate 72.9 885,363 64,556 
Rebar, Rod, Light Sections 329.6 103,111 33,986 
Reinforcing Dowel Black Steel 329.6 103,111 33,986 
Reinforcing Dowel Epoxy Coated Steel 329.6 103,111 33,986 
Reinforcing Dowel Galvanized Steel 329.6 103,111 33,986 
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Material Type Average 
Miles Per 
Ton 
Tons 
(Thousands) 
Ton-Miles 
(Millions) 
Reinforcing Dowel Stainless Steel 329.6 103,111 33,986 
Rubberized Asphalt Sealant 504.1 24,297 12,247 
Screws Nuts & Bolts 398.8 58,733 23,424 
Silica Fume 72.9 885,363 64,556 
Silicone Sealant 122.4 204,141 24,995 
Steel Tubing 398.8 58,733 23,424 
Styrene Butadiene Rubber 504.1 24,297 12,247 
The boundary of the life cycle assessment is limited to the transportation and use of 
construction equipment. The life cycle effects due to equipment manufacturing were not 
included in the study as these are generally not included in the product LCA and are referred to 
as infrastructure effects or capital effects. Some of the reasons of not including these information 
in LCA are extremely high level of effort required to get access to equipment data, low accuracy 
of the data, and a minimal effect of these results while calculating LCA of maintenance, repair 
and rehabilitation. Athena Institute estimates the life cycle effects due to equipment 
manufacturing in any construction project will be approximately 0.1%. As a rule of thumb, 
Athena Institute uses a 2% cutoff, i.e. if the cumulative life cycle effect of a component is less 
than 2% of the overall LCA results of a project, then those effects are ignored, as those generally 
do not play any significant role in the decision making process (Athena Institute, personal 
communication,  October 16, 2017). 
However, a methodology to approximately calculate the life cycle impacts of equipment 
manufacturing has been presented in this study. The Economic Input Output LCA model 
prepared by Carnegie Melon University was used for this purpose. The decision of using the 
EIO-LCA model is mostly governed by the infeasibility and unreliability of obtaining process 
data (Bilec, Ries, & Matthews, 2010). In Step 1 of the model, the latest EIO LCA model “US 
2002 (428 Sector) Producer” was used. In Step 2, “Machinery and Engines” were selected as the 
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Industry. Under detailed sector, ‘Construction Machine Manufacturing” was selected.  In Step 3, 
the amount of economic activity for this sector was left at the default amount of $1 Million. In 
Step 4, the category of results to be displayed was selected as Greenhouse Gases. The model was 
run and the input value was changed to $1000 for the ease of calculation. The model takes the 
economic value of equipment manufacturing or in other words cost of the equipment under 
consideration to calculate GWG emissions. The results obtained are presented in Figure 3. 
 
Figure 3: EIO-LCA Results for Equipment Manufacturing 
 Approximate LCA results can be calculated, if information is available regarding the 
ownership cost of the equipment, service life of the equipment, and number of hours the 
equipment is used for the project, by using following equation: 
Life Cycle Impacts of Equipment Manufacturing (Kg CO2 eq) = (0.651 * Equipment Cost* 
Hours of Operation in the Project)/ (Service Life of the Equipment in Hours) 
“Equipment Cost” and “Hours of operation” are project specific data. The service life of the most 
Caterpillar equipment are available from the CAT manual. For, other branded equipment, the 
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related manufacturing company will need to be approached to obtain the service life of the 
equipment. 
2.6.5 Resource Usage  
As mentioned earlier, the rehabilitation processes are resource intensive. Materials 
required for manufacturing the commonly used products in the life cycle of an asphalt pavement 
MRR activity are coarse aggregate, water, coal, natural gas, crude oil, and crude oil as feed 
stock. The same for concrete rehabilitation are lime stone, clay and shale, iron ore, sand, 
gypsum, coarse aggregate, water, coal, natural gas, crude oil, and crude oil as a feed stock. The 
resources consumed were calculated using AIEH software, and are presented in Table 8 and 
Table 9. 
Table 8: Resources usage for Flexible Pavement MRR (for 1 center-mile of roadway) 
Resources 
Coarse 
Aggregate 
(kg) 
Water 
(L) 
Coal 
(kg) 
Natural 
Gas 
(m3) 
Crude 
Oil (L) 
Crude 
Oil as 
feedstock 
(L) 
MRRs Interstate 
Partial Depth 
Reclamation 1,137,744 8,296 16,225 38,881 272,801 97,629 
Milling and Overlay - 20,741 43,007 140,784 2,026,651 21,545 
Resurfacing 9,955,256 62,223 77,886 126,836 245,914 843,479 
Full Depth Reclamation 1,671,254 4,148 15,467 31,711 235,401 127,127 
  Freeway 
Partial Depth 
Reclamation 474,060 3,457 5,922 13,311 96,182 40,679 
Milling and Overlay - - 23,874 80,253 1,196,572 - 
Resurfacing 5,688,718 41,482 45,076 73,298 145,364 488,144 
Full Depth Reclamation 2,321,186 13,827 16,958 27,565 47,892 184,944 
  Principal Arterial 
Partial Depth 
Reclamation 417,173 3,042 6,686 16,617 108,534 35,797 
Milling and Overlay 0 0 19,248 64,697 1,012,651 0 
Resurfacing 5,688,718 41,482 45,076 73,298 145,364 488,144 
Full Depth Reclamation 371,390 1,383 3,059 5,695 38,026 28,729 
  Minor Arterial 
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Resources 
Coarse 
Aggregate 
(kg) 
Water 
(L) 
Coal 
(kg) 
Natural 
Gas 
(m3) 
Crude 
Oil (L) 
Crude 
Oil as 
feedstock 
(L) 
Partial Depth 
Reclamation 111,065 830 2,055 5,306 37,968 9,551 
Milling and Overlay 0 0 8,466 28,541 417,666 0 
Resurfacing 2,776,636 20,741 22,223 36,418 76,360 238,774 
Full Depth Reclamation 92,847 346 804 1,551 11,366 7,182 
  Collector 
Partial Depth 
Reclamation 100,699 752 1,945 5,082 36,320 8,660 
Milling and Overlay 0 0 7,677 25,883 378,764 0 
Resurfacing 2,776,636 20,741 22,223 36,418 76,360 238,774 
Full Depth Reclamation 84,182 313 733 1,422 10,537 6,512 
  Local 
Partial Depth 
Reclamation 79,967 597 1,726 4,633 33,023 6,877 
Milling and Overlay 0 0 6,101 20,567 300,961 0 
Resurfacing 1,999,178 14,934 16,103 26,557 57,921 171,917 
Full Depth Reclamation 92,847 346 804 1,551 11,366 7,182 
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Table 9: Resources usage for Rigid Pavement MRR (for 1 center-mile of roadway) 
Resources Limestone 
(kg) 
Clay & 
Shale 
(kg) 
Iron 
Ore 
(kg) 
Sand (kg) Gypsum 
(Natural) 
(kg) 
Coarse 
Aggregate 
(kg) 
Water 
(L) 
Coal 
(kg) 
Natur
al Gas 
(m3) 
Crude 
Oil (L) 
Crude Oil 
as 
feedstock 
(L) 
MRRs Interstate 
Concrete Seal Joints 0 0 0 0 0 0 0 247 203 563 1,697 
Concrete Full Depth 
Repair 653,494 72,077 14,415 24,026 38,441 2,838,266 775,920 95,737 30,793 417,942 0 
Concrete Partial 
Depth Repair 105,082 11,590 2,318 3,863 6,181 456,393 124,768 15,977 6,924 85,678 0 
Diamond Grinding 0 0 0 0 0 0 0 25 82 1,494 - 
  Freeways 
Concrete Seal Joints 0 0 0 0 0 0 0 145 136 505 955 
Concrete Full Depth 
Repair 435,663 48,051 9,610 16,017 25,627 1,892,178 517,280 63,836 20,564 279,014 0 
Concrete Partial 
Depth Repair 70,055 7,727 1,545 2,576 4,121 304,262 83,179 10,686 4,732 58,126 0 
Diamond Grinding 0 0 0 0 0 0 0 0 0 0 0 
  Principal Arterial 
Concrete Seal Joints 0 0 0 0 0 0 0 76 90 464 446 
Concrete Full Depth 
Repair 435,663 48,051 9,610 16,017 25,627 1,892,178 517,280 63,836 20,564 279,014 0 
Concrete Partial 
Depth Repair 58,379 6,439 1,288 2,146 3,434 253,552 69,316 8,643 3,052 40,840 0 
Diamond Grinding 0 0 0 0 0 0 0 0 0 0 0 
  Minor Arterial 
Concrete Seal Joints 0 0 0 0 0 0 0 64 82 457 358 
Concrete Full Depth 
Repair 124,164 13,695 2,739 4,565 7,304 539,271 147,425 18,130 5,647 76,870 0 
Concrete Partial 
Depth Repair 19,213 2,119 424 706 1,130 83,445 22,812 2,823 932 12,488 0 
Diamond Grinding 0 0 0 0 0 0 0 0 0 0 0 
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Resources Limestone 
(kg) 
Clay & 
Shale 
(kg) 
Iron 
Ore 
(kg) 
Sand (kg) Gypsum 
(Natural) 
(kg) 
Coarse 
Aggregate 
(kg) 
Water 
(L) 
Coal 
(kg) 
Natur
al Gas 
(m3) 
Crude 
Oil (L) 
Crude Oil 
as 
feedstock 
(L) 
  Collector 
Concrete Seal Joints 0 0 0 0 0 0 0 64 82 457 358 
Concrete Full Depth 
Repair 106,650 11,763 2,353 3,921 6,274 463,205 126,630 15,577 4,866 66,190 0 
Concrete Partial 
Depth Repair 16,590 1,830 366 610 976 72,054 19,698 2,442 819 10,941 0 
Diamond Grinding 0 0 0 0 0 0 0 0 0 0 0 
  Local 
Concrete Seal Joints 0 0 0 0 0 0 0 64 82 457 358 
Concrete Full Depth 
Repair 84,693 9,341 1,868 3,114 4,982 367,839 100,559 12,377 3,886 52,801 0 
Concrete Partial 
Depth Repair 13,174 1,453 291 484 775 57,219 15,643 1,946 672 8,926 0 
Diamond Grinding 0 0 0 0 0 0 0 0 0 0 0 
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2.7 Life Cycle Assessment Results 
Both flexible pavement MRR and rigid pavement MRR were modeled in AIEH for 1 
mile of the pavement including all the lanes relevant to the functional type. Some data were 
obtained from the existing literature and compared with the analyzed data. The rehabilitation 
schedule and the corresponding expected life span extension were taken into consideration in 
calculating the life cycle environmental impacts. The types of materials added or removed during 
the preservation activity were studied. The LCA results include the environmental impacts in 
terms of global warming potential (in kg CO2 eq). Energy consumption for each MRR activity 
for different functional types of road are calculated in mega-joules and includes inputs from 
different energy sources (i.e. hydro, coal, diesel, feedstock, gasoline, heavy fuel oil, liquefied 
petroleum gas, natural gas, and nuclear). All the above results are calculated for the design life of 
the pavements and are categorized into functional types.  For better comparison, the results were 
annualized for a square meter of the pavement by dividing each result by its corresponding life 
expectancy and number of treatments over the design life (as mentioned in Table 6). The 
annualized results are summarized in Figure 4 and Figure 5. Detailed analysis results can be 
found in Appendix A. 
2.7.1 Environmental Impacts of Flexible Pavement MRR 
Results show traditional rehabilitation methods like total asphalt reconstruction, 
pavement resurfacing, and milling and overlay have considerably high energy consumption and 
GHG emissions compared to the innovative rehabilitation techniques. Modern techniques like 
partial depth reclamation, and full depth reclamation are more sustainable options as they recycle 
the existing pavement and minimize the use of new resources. The environmental impacts due to 
repair activities like fog seal, crack seal, chip seal, and micro-surfacing are minimal with 
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substantial pavement life expectancy. The GWP of APDR is just 20% of that’s of its traditional 
counterpart, Milling and Overlay. The GWP for AFDR is just 11% of that of traditional asphalt 
reconstruction activity. Micro-surfacing had only 50% less GWP than Cheap Seal. Thus, from an 
environmental point of view, DOTs should lean more towards regular maintenance, and 
innovative rehabilitation techniques, if traditional rehabilitation is not absolutely necessary. 
2.7.2 Environmental Impacts of Rigid Pavement MRR 
For rigid pavements, there is a little difference between traditional and accelerated 
construction techniques when it comes to life cycle impacts of the materials, equipment, and 
transportation means used. The similarity in the types and amounts of resource usage drives this 
result. Traditional concrete full depth repair and accelerated precast concrete pavement systems 
have similar environmental impacts with a GWP of 1.25 kg CO2 eq./sq.m and 1.2025 kg CO2 
eq./sq.m respectively and with an annualized energy usage of 10.52 MJ/sq.m and 9.89 MJ/sq.m 
respectively. Concrete pavement MRR activities, in general, are seen to have considerably lower 
LCA impacts than flexible pavements. 
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Figure 4: Global Warming Potential for Pavement MRR techniques (Salem & Ghorai, 
2015) 
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Figure 5: Annualized Energy Usage for Pavement MRR techniques (Salem & Ghorai, 
2015) 
2.8 Summary of Results 
The results are obtained for the design life of the pavement and are categorized by the 
functional type of road so that engineers can get a holistic view of the environmental effects of 
the processes. This can assist officials in making sustainable decisions such as optimizing MRR 
schedule by road types, maximizing reclamation techniques and using low-impact materials. 
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These results can also play an important role while conducting benefit cost analysis of new 
flexible and rigid pavement construction alternatives.  
The global warming potential and energy consumption results for the MRR activities over 
the design life of a pavement (for one lane mile) show that traditional asphalt pavement MRRs 
have considerably higher environmental impacts than that of rigid pavement MRRs. The results 
are summarized in Table 10 and Table 11. 
Table 10: GWP (in Kg CO2 Eq) of Pavement MRRs over the Design Life of Pavement (for 
one lane mile) 
M
R
R
 T
y
p
e
 
Functional Type Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial Collector Local 
Total Asphalt 
Reconstruction 
10,333,205 5,689,067 4,908,003 2,452,258 2,223,586 1,786,573 
Milling and Overlay 6,445,162 3,803,834 3,214,056 1,331,648 1,207,605 959,517 
Asphalt Pavement 
Resurfacing 
1,205,409 705,113 705,113 360,257 360,257 268,048 
Asphalt Full Depth 
Reclamation 
806,765 249,317 133,821 39,092 36,146 39,092 
Asphalt Partial Depth 
Reclamation 
906,118 319,259 350,202 119,345 113,685 102,364 
Concrete Full Depth 
Repair 
1,760,632 1,174,905 1,174,905 326,160 280,642 223,573 
Concrete Partial Depth 
Repair 
342,416 231,241 168,295 52,154 45,506 36,847 
Precast Concrete 
Pavement Systems 
1,303,565 869,044 869,044 434,522 393,966 312,856 
Concrete Seal Joints 2,577 2,002 1,654 1,537 1,537 1,537 
Diamond Grinding 4,614 0 0 0 0 0 
 
Table 11: Energy Consumption (in MJ) of Pavement MRRs over the Design Life of 
Pavement (for one lane mile) 
M
R
R
 T
y
p
e
 Functional Type Interstate Freeway 
Princip
al 
Arterial 
Minor 
Arterial Collector Local 
Total Asphalt 
Reconstruction 
171,621,852 94,656,145 
81,727,95
3 
40,767,419 36,965,146 29,035,870 
Milling and Overlay 
43,087,565 25,063,065 
24,531,63
3 
8,839,607 8,015,981 6,368,728 
Asphalt Pavement 
Resurfacing 
49,042,185 28,365,182 
28,365,18
2 
13,927,368 13,927,368 10,059,476 
Asphalt Full Depth 
Reclamation 
12,701,088 10,863,975 2,842,426 752,304 687,277 752,304 
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Asphalt Partial Depth 
Reclamation 
9,595,239 4,011,158 3,660,011 1,101,128 1,017,079 848,978 
Concrete Full Depth 
Repair 
14,738,785 9,830,937 9,830,937 2,802,791 2,409,600 1,916,643 
Concrete Partial Depth 
Repair 
2,445,358 1,641,020 1,337,542 445,481 386,750 310,263 
Precast Concrete 
Pavement Systems 
10,743,552 7,162,368 7,162,368 3,581,184 3,246,940 2,578,452 
Concrete Seal Joints 91,489 53,457 27,381 22,898 22,898 22,898 
Diamond Grinding 40,906 0 0 0 0 0 
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Chapter 3: Assessment of Traffic Emission Impacts due to Pavement 
Rehabilitation Activities (Task 2) 
3.1 Literature Review 
3.1.1 Traffic Management Plans  
Traffic management plans depend mostly on the work zone characteristics i.e. type, 
network configuration, size, and the analysis area dimensions (FHWA, 2009). Work zones can 
be classified from Type I to IV depending on their magnitudes of disruption ranging from 
greatest impact to least impact. Microscopic simulation is more suitable for Type I and II work 
zones. Three types of network configurations are possible i.e. isolated, pipe, and grid. Isolated 
work zones are located away from any major network or other work zones. Piping network refers 
to more than one work zone on a long interstate outside a local arterial network.  Grid networks, 
as the name suggests, is related to one or more interdependent structures with more than one 
access or detour routes. Work zone size can be categorized into small, medium, or large 
depending on section of the roadway included, number of intersections, portions of adjacent 
facilities affected, and the density of the network.  Analysis area dimension refers to the 
surrounding area impacted by a work zone, which can be restricted just to the construction site or 
may include detour routes, and may affect adjacent locality or facility (FHWA, 2009). 
FHWA has categorized TMP strategies into three components: temporary traffic control (TTC), 
public information, and transportation operations (FHWA, 2009). Traffic simulation can play an 
important role in selecting TTC alternatives. TTC is a combination of traffic control strategies 
and devices; and also includes coordination and innovative contracting.  Frequently used traffic 
control strategies are: i) construction phasing or staging, ii) full roadway closure, iii) lane shifts 
or closures, one lane-two-way operation, iv) two-way traffic on one side of a divided facility, v) 
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reversible lanes, vi) ramp closures or relocation, vii) freeway to freeway interchange or closures, 
viii) night work, ix) weekend work, x) work hour restrictions for peak travel, xi) business access 
improvements and xii) off-site detours or use of alternate routes. Although DOT policies may 
govern the TTC selection to some extent, feasibility of a TTC depends greatly on the ability of 
the restricted or modified network to handle the traffic volume. It also depends on the type of 
MRR required, which is directly related to the life cycle stage of the infrastructure. Traffic 
control devices (TCD) are important tools for TTC, and may consist of temporary signs, 
changeable message signs, arrow panels, channelizing devices, temporary pavement markings, 
flaggers, temporary traffic signals, and lighting devices. Most of these TCDs can be coded in 
micro-simulation tools (FHWA, 2009). 
3.1.2 Transportation Modeling Approaches 
There are several methodologies and tools to analyze traffic, which can be categorized into 
six types. Each type of model has advantages and disadvantages. These six categories are 
summarized below: 
 Sketch- Planning Tools and Analytical/ Deterministic Tools (HCM 
Methodologies) 
These kinds of tools use traffic count data to predict impacts on transportation systems 
(FHWA, 2008). Sketch planning tools may include specific spreadsheet models developed by 
DOTs or may be generalized traffic delay estimation models. They can be used to analyze both 
simple roadway sections, and complex arterial networks. Sketch planning models often follow 
queuing techniques or volume-to-capacity relationship as suggested in the Highway Capacity 
Manual. Sketch planning tool is simple, and requires minimum resources with very limited 
computational time compared to mesoscopic or microscopic simulation models. This kind of 
model is used where detailed analysis is not required, or a quick decision is required, or if there 
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are not enough in-house resources. Some examples of sketch-planning tools are QuickZone and 
QUEWZ-98 (FHWA, 2008).  
 Travel Demand Models 
These can predict travel demands using existing conditions and household or employment 
places forecasts (FHWA, 2008). This kind of model is more suitable for estimating the travel 
demand of a large region. Travel demand models were initially built to estimate the 
transportation benefits of new infrastructure in a metropolitan area. Travel demand models are 
suitable for assessing the area-wide distribution of traffic, if a particular section of roadway is 
closed. One of the greatest advantages is that most of the metropolitan areas already have their 
travel demand model prepared for the area, which makes the traffic related data easily available.  
The capabilities of travel demand models are, however, limited when it comes to the accuracy of 
the operational characteristics such as instantaneous speed, queue lengths and delays (FHWA, 
2008).  
 Traffic Signal Optimization Tools 
In addition to developing signal timing plans for intersections, corridors or networks, these 
tools can also calculate capacity, determine cycle length, optimize splits, and coordinate plans 
(FHWA, 2008). These can be used to analyze alternate traffic management plans for detour 
routes through existing signalized networks.  The limitation of this tool is its narrow focus on 
traffic signal optimization. But often, these tools are used to complement other simulation tools 
(FHWA, 2008). 
 Macroscopic Simulation Models 
Macroscopic simulation tools are deterministic models that operate based on the 
relationships between flow, speed and density of traffic stream (FHWA, 2008). Simulation is 
performed on a section –to-section basis. Movements of individual vehicles in the network are 
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not tracked. Macroscopic models are also suitable for large geographic areas, which may clarify 
the impact of transportation management plans affecting a whole network. The runtime for 
macroscopic models are less as only aggregate flows, speed, and density measures are 
considered for simulation purposes. The limitation of macroscopic models is lack of details in 
results as they do not utilize car-following algorithms (FHWA, 2008). 
 Mesoscopic Simulation Models 
Mesoscopic models have the features of both travel demand models and macroscopic 
models, and provide more details than both of them (FHWA, 2008). Thus, these tools can 
measure both large metropolitan areas and corridors. Mesoscopic tools are suitable for modeling 
detours in arterial networks. The only disadvantage is that the level of detail is not as high as in 
microscopic simulation. These are unable to take into account complex operational strategies like 
signalized intersections. Moreover due to the higher level of details involved, more resources are 
needed in terms of data requirements, manpower, time, and computation power (FHWA, 2008). 
 Microscopic Simulation Models 
Microscopic simulation considers vehicles at the individual level, and calculates current 
and future positions of vehicles based on car-following and lane changing theories (FHWA, 
2008). The diversity in vehicle characteristics is incorporated in the model, so as to simulate the 
real-world interactions between vehicles. These models require substantial computational power 
and intricate details on road geometry, traffic control, and traffic pattern data. Microscopic 
simulation can be highly useful in modeling complex work-zone strategies, and predicting their 
impact on the surrounding network in terms of congestion and service levels. The limitation of 
microscopic models is the amount of computation power and calibrating efforts needed in 
modeling large networks (FHWA, 2008). 
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3.1.3 Integrating Traffic Micro-Simulation tools with Emission Models 
With recent advancements in computer technology, transportation analysts are getting 
interested in prediction of vehicle emissions by integrating traffic simulation tools with emission 
modeling tools. Boriboonsomsin and Barth (2008) have combined PARAMICS with emission 
modeling tool Comprehensive Modal Emission Model (CMEM) to study the environmental 
benefits of high-occupancy vehicle (HOV) lanes in California and have compared two types of 
HOV lanes, namely continuous access HOV lanes and limited access HOV lanes 
(Boriboonsomsin & Barth, 2008). Researchers have coupled VISSIM micro-simulation model 
with CMEM to analyze traffic improvement scenarios in terms of reduction of CO2, HC, NOx, 
CO emissions in short and long-run. The integrated model was also used to estimate fuel 
consumption in various traffic scenarios (Stathopoulos & Noland, 2003). Yun and Lei (2007) 
conducted similar studies, in which CMEM was modified to capture the instantaneous modal 
activity of vehicles, micro-simulated by VISSIM (Yun & Lei, 2007). Traffic control 
enhancements for fuel consumption and emission reduction were evaluated by Stevanovic et al. 
(2009) by integrating VISSIM, CMEM and VISGAOST (which is a traffic signal timing 
optimization program) (Stevanovic et al., 2009).  
As a part of the California PATH Program, CALTRANS have used their comprehensive 
modal emissions, and energy consumption (CME/EC) model with PARAMICS to analyze the 
benefits of roadway expansion projects, which included high occupancy toll lane and freeways 
(Barth, Malcolm, & Scora, 2001). Researchers in Germany have integrated traffic flow 
information with air pollution models using a high-performance computing network.  The 
integrated model is named SIMTRAP, which is a hybrid of an air pollution model DYMOS and 
a dynamic mesoscopic traffic simulation tool DYNEMO. The results are interpreted and 
visualized on a 3D Geographic Information System (GIS) platform (Schmidt & Schafer, 1998). 
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A simulation based dynamic traffic assignment model called DynusT (Dynamic Urban Systems 
in Transportation) was linked with MOVES to analyze networks as big as a county or a region.  
DynusT uses anisotropic mesoscopic simulation approach, which neglects the inter-vehicle car-
following details (Lin, Chiu, Vallamsundar, & Bai, 2011). 
Abou-Senna and Radwan (2013) prepared a VISSIM/ MOVES integration software 
(VIMIS) to convert the output from VISSIM into a form, which can be fed as an input to 
MOVES (Abou-Senna & Radwan, 2013). MOVES calculation is based on operating mode (i.e. 
the time spent in various driving conditions in various speed ranges, and different vehicle 
specific power). Thus VISSIM output needs to be calculated by operating mode of each vehicle 
in the network, to make it suitable as an input in MOVES.  The software is prepared by 
combining four modules on a Microsoft Visual Studio 2008 platform. These four modules are: i) 
generating “Design Cases” using statistical software called JMP9, ii) VISSIM traffic simulation 
software, iii) OPMODE that modifies the VISSIM trajectory output into operating mode 
distribution required for MOVES and iv) MOVES, which is a vehicle activity based regional 
mobile emission model. When output is set to second by second motion, the result file can be as 
large as 10 GB and cannot be handled by most programs. VIMIS can convert these files to 300 
kb input files will all the necessary information regarding links, types of pollutants and emission 
processes required by MOVES to calculate emissions (Abou-Senna & Radwan, 2013). 
3.1.4 Model Calibration 
Although micro-simulation tools were developed from years of extensive research, these 
need to be calibrated to closely replicate real-world scenarios (FHWA, 2012). Calibration is 
needed for operational characteristics of the traffic, which include throughput, queue lengths, 
average vehicle speed, turn speed for intersections, reaction time factors, minimum headways, 
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car-following sensitivity, headway factor by vehicle type, rubbernecking factor, roadway type, 
standstill distance, lane width factor, tunnel factor, and maximum speed difference (FHWA, 
2012). While integrating TransModeler micro-simulation tool with MOVES, Talbot et al. (2014) 
determined that most simulation packages have a tendency to overestimate the acceleration 
behavior of the drivers, which produces inaccurate emission results (Talbot, Chamberlin, 
Holmen, & Sentoff, 2014). Field data collected from probe vehicles using the onboard tailpipe 
emissions measurement system (TOTEM) were used for calibration purposes. Both car following 
model and free flow model were calibrated using techniques like global search approach, where 
several simulations were run on each parameter of interest. Then, the simulation data were 
binned with collected data and the differences were measured using mean log relative error 
(Talbot et al., 2014). Latin hypercube sampling method has also been used by some researchers 
to match travel time distribution of probe vehicles and empirical trajectories on a route to 
calibrate AIMSUN micro-simulation model (Anya et al., 2014). 
3.2 Methodology 
The objective of this study is to compare emission impacts due to unstable traffic around 
work-zones during highway MRR activities. The research focuses on the role (if any) of 
accelerated construction in reducing these impacts. In order to achieve the research objectives, a 
comprehensive literature review was conducted on the MRR activities and accelerated 
construction techniques with a particular focus on the construction methods, construction 
sequencing, contracting requirements, and traffic management plans (TMPs) used by various 
transportation agencies. Available literature on development of transportation management plans 
for work zones were reviewed to understand the factors influencing the decision-making process. 
Widely used traffic simulation (e.g. TRANSIMS, AIMSUN, CORSIM, PARAMICS, VISSIM, 
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TRANSMODELLER), and emission models (e.g. MOVES, CMEM, VT-MICRO, VT-MESO, 
INTEGRATION) were identified and the types of outputs they can generate were studied. The 
research team’s aim was to select a traffic micro-simulation tool, which can model real life work 
zone traffic scenarios along with the traffic emissions around the area. As a result of the review 
process. Micro-simulation software INTEGRATION, developed by Virginia Polytechnic 
Institute and State University, was deemed to satisfy the criteria. INTEGRATION is a 
“microscopic, traffic assignment, simulation and optimization tool” based on car following 
model (Rakha, 2014). It is capable of computing vehicle emissions such as hydrocarbons (HC), 
carbon monoxide (CO), carbon dioxide (CO2) and nitrogen oxide (NOx) for eight vehicle 
categories.  
3.3 INTEGRATION Microscopic Simulation Tool  
INTEGRATION combines the use of traffic, and energy and emission models for the evaluation 
of environmental impacts of TMP under consideration (Rakha & Ahn, 2004). INTEGRATION 
can estimate mobile source emissions from instantaneous speed and acceleration levels, by 
combining car-following, vehicle dynamics, lane changing, and emission models.  Hence, unlike 
other existing tools, it eliminates the need of any third-party module to combine microsimulation 
and emission models, and, thereby, leads to increase in efficiency of analysis, minimizing error, 
and considerable time savings. INTEGRATION calculates the emission impacts in two levels. 
The first level consists of car following and lane changing models which simulates the steady 
state and non-steady state traffic behavior on a roadway. Steady state behavior captures vehicles 
traveling in cruising speed. Non-steady state behavior captures the transition of vehicles from 
one steady state to other in the form of acceleration or deceleration. The lane changing behavior 
presents the lateral changes in vehicle dynamics, when vehicles are travelling in multi lane 
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facility, and dictates actions like merging, diverging, and weaving. At the second level, energy 
consumption and vehicles emissions were calculated automatically using the instantaneous speed 
profile obtained from level 1 (Rakha & Ahn, 2004). Description of the underlying theory and 
methodology of the tool can be found in peer reviewed literature (Rakha, 2014), (Van Aerde & 
Yagar, 1988a), (Van Aerde & Yagar, 1988b).  
The INTEGRATION software has been validated against standard traffic flow theory. Rakha and 
Van Aerde (1996) compared the efficiency of INTEGRATION model with TRANSYT model, 
which is considered as the unofficial international standard for simulation and optimization. The 
static signal control features were validated to understand whether the unique dynamic features 
in INTEGRATION model produces accurate static results. Outputs such as vehicle travel time, 
vehicle delay, and number of vehicle stops were compared for both models and the differences 
were found to be within 5%. The research also validated the benefits of INTEGRATION over 
TRANSYT in modeling complex dynamics of a traffic flow (Rakha & Van Aerde, 1996). Rakha 
and Crowther (2003) compared the freeway model in CORSIM with INTEGRATION to validate 
the steady state car-following behavior. The study showed that INTEGRATION overcomes the 
limitation of the existing car-following models by incorporating additional degree-of- freedom, 
and considering a wide range of macroscopic and microscopic steady-state behavior of different 
types of roads. The driver sensitivity factor was calibrated using loop detector data (Rakha & 
Crowther, 2003). Rakha et al. (1998) demonstrated the feasibility of using INTEGRATION in 
modeling large scale networks at a microscopic level, and the capability of INTEGRATION in 
modeling origin-destination demand tables, and dynamic traffic routing. The case study was 
based in Salt Lake Area (Rakha, Van Aerde, Bloomberg, & Huang, 1998). Rakha et al. (2000) 
validated the emission results obtained from INTEGRATION with the help of emission 
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analyzers, and second by second speed measurements from GPS equipped vehicles, in the cities 
of Tempe and Scottsdale in Arizona (Rakha, et al., 2000). Rakha et al. (2001) presented the 
estimation of maximum vehicle acceleration after accounting for vehicle’s tractive effort, 
resistances (aerodynamic, rolling & grade), vehicle type, and pavement and tire characteristics. 
The research also shows the calibration process of the model using field data collected from 
Virginia Tech’s Smart Road facility (Rakha, Lucic, Demarchi, Setti, & Van Aerde, 2001). 
Details are also available on the validity of different steps of the traffic flow utilized by 
INTEGRATION such as a i) Initiation of Vehicle Trips (Van Aerde, Rakha, & Paramahamsan, 
2003), ii) Steady State Car-Following Behavior (Van Aerde, 1995), (Van Aerde & Rakha, 1995), 
iii) Vehicle Acceleration and Deceleration (Rakha, Snare, & Dion, 2004), (Rakha & Lucic, 2002) 
and Lane Changing Logic (Stewart, Baker, & Van Aerde, 1996). Based on speed and 
acceleration levels, INTEGRATION calculates vehicle fuel consumptions and corresponding 
emissions. The raw data used in INTEGRATION was obtained from Oak Ridge National 
Laboratory. The data consisted of steady state fuel consumption, and emission rates presented as 
a function of instantaneous speed and acceleration level for light duty vehicles of various weights 
and engines sizes (West, McGill, Hodgson, Sluder, & Smith, 1997).  
A section of I-66 (from Exit 64A on the west to Exit 71 on the east) and US 267 (from 
Pimmit Run Stream on the west to I-66 intersection) was modeled in INTEGRATION to run 
hypothetical scenarios of the traffic management plans that might be associated with flexible and 
rigid pavement MRR work-zones. The input data files were prepared using Microsoft Excel 
spreadsheet program. The first step included preparation of a Master Control File (MCF) with 
the simulation parameters like duration of simulation, frequency of output statistics, route choice 
selection, and simulation termination options (Rakha, 2014).  MCF also specified the input data 
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files to be selected, their location on the computer, and the location where the output files needed 
to be stored. Frequency of output statistics allows users to visualize results at certain intervals 
while the simulation is still running. This is particularly helpful for long simulation durations. 
Outputs were generated every 12 simulation hour periods. The route choice selection function 
defines the routing mechanism of the generated vehicles. For the purpose of this study “Dynamic 
Traffic Assignment” was selected. Dynamic traffic phenomena include traffic characteristics like 
shock waves, gap acceptance and weaving (Rakha, 2010). The input files required for this model 
and the steps involved in generating these files are described as follows: 
1. Nodes: These serve as intermediate points along the path of the vehicle trip. Nodes are 
presented in the form of coordinates, which serves as connectors between the links. 
Nodes can be used to create a macro zone to reduce computational and memory 
requirements for large networks (Rakha, 2014). Nodes were prepared from the 
coordinates obtained from commercial mapping websites.  
2. Links: These specify the surface characteristics of the trip path in the form of number of 
lanes, lane direction, and lane distance. Links are also used to enter traffic flow 
characteristics such as saturation free flow speed, free speed, speed at capacity, and 
traffic control devices such as turn prohibitions, traffic signals, signs and ramp metering 
(Rakha, 2014). Links were prepared from the distances obtained from commercial 
mapping websites. 
3. Signal timing plan: This file determines the characteristics of traffic signal in terms of 
phasing scheme and interval duration. Settings are available for self-optimized signal 
timing. No signal timing plan was considered for the section of the freeway used in this 
study (Rakha, 2014).  
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4. Origin Destination (OD) Traffic Demands: O-D files specify the departure rates in a 
network. The aggregate O-D departure rates are converted into simulated continuous flow 
of traffic into the network (Rakha, 2014). O-D files were prepared for 24-hour traffic 
from the traffic count information obtained from Virginia Department of Transportation’s 
(VDOT) vehicle miles travelled publications as presented in  Table 12 (VDOT, 2016). 
Software program QueensOD prepared by Virginia Polytechnic Institute and State 
University was used to prepare O-D input files from link flow data   (Rakha, 2010).  
Table 12: Traffic Count on I 66 West Bound (VDOT, 2016) 
Route 
Label 
Link Length 
(Miles) 
Start Label End Label AADT 
I-66 WB 0.42 SR 7 Leesburg Pike SR 267 Dulles Access 
Rd 
38000 
I-66 WB 0.97 SR 267 Dulles Access Rd Arlington County Line 66000 
I-66 WB 0.37 Fairfax County Line SR 237 Washington 
Blvd; US 29 Lee Hwy 
66000 
I-66 WB 0.81 SR 237 Washington Blvd; 
US 29 Lee Hwy 
Sycamore St 54000 
I-66 WB 1.70 Sycamore St SR 237 Fairfax Drive 55000 
VA 267 
WB 
2.40 SR 123 Chain Bridge Rd I-66 30000 
The input requirements for Queens OD are same as those needed for INTEGRATION 
except for an additional observed link traffic flow file. This file is required to enter the 
time series of the observed link traffic flow and link travel times. This data was obtained 
from FHWA case studies, in the form of hourly distribution of traffic on I-66 west bound 
over a 24-hour period for a week day and weekend (FHWA, 2017). Queens OD 
simulation was run for each hour, and the 24 O-D output files generated were combined 
to prepare a single 24 Hour O-D file, which was then used as an input in INTEGRATION 
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model. This process was carried out twice to achieve O-D inputs for a weekday and 
weekend. The hourly traffic distribution is presented in Table 13. 
Table 13: Hourly Traffic Distribution over a 24-hour Period for I-66 Westbound Lane 
Hour Weekday Weekend 
Midnight 1.46% 2.77% 
1:00 AM 0.95% 1.97% 
2:00 AM 0.72% 1.58% 
3:00 AM 0.63% 1.25% 
4:00 AM 0.86% 0.90% 
5:00 AM 2.52% 1.17% 
6:00 AM 4.36% 1.87% 
7:00 AM 5.23% 2.89% 
8:00 AM 5.22% 3.82% 
9:00 AM 4.85% 4.81% 
10:00 AM 4.45% 5.53% 
11:00 AM 4.63% 6.08% 
Noon 5.21% 6.36% 
1:00 PM 5.48% 6.51% 
2:00 PM 6.15% 6.47% 
3:00 PM 6.85% 6.27% 
4:00 PM 6.66% 6.40% 
5:00 PM 6.56% 6.38% 
6:00 PM 6.30% 6.01% 
7:00 PM 6.10% 5.13% 
8:00 PM 4.91% 4.41% 
9:00 PM 4.17% 4.03% 
10:00 PM 3.38% 4.02% 
11:00 PM 2.36% 3.36% 
5. Incidents or Lane Blockages: This file plays an important role in work-zone analysis. It 
helps in modeling incidents, which can lead to mobility impacts in the network in the 
form of reduced lane capacity (Rakha, 2014). For the purpose of this study, the incidents 
were modeled based on the TMPs under consideration and are described in Sections 3.3.1 
and 3.3.2.  
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The model was used to analyze traffic management plans (TMP) applicable for 
traditional and accelerated pavement rehabilitation alternatives. Traditional methods require 
continuous traffic restriction for a part of or entire roadway, which causes serious traffic 
congestion during peak hours. By using accelerated techniques, traffic restrictions can be 
reduced or avoided when traffic volumes are high, and as a result, delays due to congestion can 
be reduced considerably. A one-mile section on I-66 west, as shown in Figure 6, is considered 
for the study. It’s a four lane freeway with two lanes in each direction. Detailed input files are 
provided in Appendix B. 
 
Figure 6: INTEGRATION Traffic Simulation Model of I-66 West 
 
3.3.1 Flexible Pavement TMPs 
The traditional flexible pavement rehabilitation techniques under consideration were: a) 
Total Reconstruction (TR) and b) Milling and Overlay (MO), and those considered for 
accelerated construction were: a) Asphalt Partial Depth Repair (APDR) and b) Asphalt Full 
Depth Repair (AFDR). Total reconstruction generally requires continuous closure, and can 
achieve a productivity of 0.25 miles/ day with 16 hours of operation (Caltrans, 2010). Hence, TR 
of one lane mile of flexible pavement will require continuous closure of 4 week days. Milling 
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and overlay also requires continuous closure but has a greater productivity of 1.02 miles per day 
with 16 hours of operation (Caltrans, 2010). AFDR productivity depends on the thickness of the 
existing asphalt thickness and extent of alligator cracking. For the purposes of this study, the 
worst case scenario of 80 – 100 % of alligator cracking is assumed and a productivity of 0.88 
lane miles/ day is considered (Jones, Fu, & Harvey, 2009). AFDR can be used to rehabilitate one 
lane mile of flexible pavement using 1.13 days of continuous closure. APDR is considered as the 
accelerated version of MO. Productivity for APDR can reach up to 2.5 lane-miles/ day (ARRA, 
2001). APDR can be used to place one lane mile of flexible pavement using overnight traffic 
restrictions. For the purpose of this study weekday is assumed to start from Monday 6 A.M. and 
end at Saturday 6 A.M., and weekends are assumed to start from Saturday 6 A.M. and end at 
Monday 6 A.M.  Night closures generally start from 8 P.M. and finish at 6 A.M. of next day. The 
traffic management plans considered for rehabilitating one lane mile of flexible pavement are as 
follows: 
TMP F1: Continuous one lane closure for TR – (4 weekdays – 96 hours) 
TMP F2: Continuous one lane closure for MO – (1 weekday – 24 hours) 
TMP F3: Continuous one lane closure for AFDR – (1.13 weekdays – 27 hours) 
TMP F4: Night Only One Lane Closure for APDR – (1 weekend night – 10 hours) 
3.3.2 Rigid Pavement TMPs 
The traditional rigid pavement rehabilitation technique under consideration was 
continuously reinforced concrete pavements (CRCP) and the techniques considered for 
accelerated construction were: a) Precast Concrete Pavement Systems (PCPS) and b) Rapid 
Setting Concrete (RSC). PCPS can be placed using overnight traffic restrictions and the road can 
be opened to traffic next day (Merritt, McCullough, Burns, & Schindler, 2000). Continuous 
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weekend closures can be used for both PCPS and RSC. For CRCP, if a standard placement rate 
of 2000ft/day is considered, the reconstruction of one lane mile pavement will take 
approximately 10 days of continuous closure, which includes 7 days of curing after the last 
placement. Similarly, for PCPS, with a productivity rate of 500ft/day, it will take 11 days of 
night closure or 5 days of weekend closure to reconstruct one mile of the pavement (Merritt, 
McCullough, Burns, & Schindler, 2000). RSC has the same placement rate as that of CRCP but 
has a fast curing rate of 6 hours. It can be used to reconstruct a one lane-mile of pavement using 
continuous closure for two days over weekend and one and a quarter day over the week i.e. in 
3.25 days effectively (CalTrans, 2008). Hence, the traffic management plans considered for 
rehabilitation one lane mile of rigid pavement were as follows: 
TMP R1: Continuous One lane closure (weekdays and weekends) for CRCP (10 days – 6 
weekdays (144 hours) and 4 days over weekend (96 hours)) 
TMP R2: Night only One lane closure (weekdays and weekends) for PCPS (11 nights – 7 
weekday nights (70 hours) and 4 weekend nights (40 hours)) 
TMP R3: Continuous One lane closure for PCPS (1 Weekday Night (10 Hours) and (4 days 
over 2 weekends (96 hours)) 
TMP R4: Continuous One lane closure (weekend and weekdays) for RSC (3.5 days –2 days 
over weekend (48 hours) and 1.25 weekday (30 hours)) 
3.4 Summary of Results 
The INTEGRATION model was loaded with 24 hours of traffic data for both weekday and 
weekend conditions, and simulations were run for six scenarios: i) weekday unrestricted traffic, 
ii) weekend unrestricted traffic, iii) weekday with continuous one lane closure, iv) weekday one 
lane night closure, v) weekend with continuous one lane closure and vi) weekend with one lane 
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night closure. For scenarios iii, iv, v and vi, the speed limit was reduced from 65 mph to 55 mph. 
For each run, results were recorded for total delay, fuel consumption, and amounts of HC, CO, 
NOx, and CO2 in grams. Table 14 presents the delay and emission results for 1vehicle-mile per 
day. Detailed output files can be found in Appendix B. 
Table 14: Delay and Emission Results normalized to 1 vehicle-mile per day 
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Total Delay (secs) 30 35 210 102 187 107 
Fuel (liters) 0.17 0.17 0.25 0.20 0.24 0.20 
HC (grams) 0.58 0.56 0.79 0.55 0.78 0.55 
CO (grams) 14.55 14.02 17.97 13.16 18.08 13.02 
NOx (grams) 0.48 0.46 0.49 0.45 0.50 0.44 
CO2 (grams) 366 369 560 438 539 442 
 
Additional emissions caused due to traffic management plans can be calculated from the 
differences of the results obtained for restricted and unrestricted traffic conditions. The treatment 
processes under consideration vary mostly in terms of TMP timings and duration. Emission 
impacts for the TMP were analyzed based on the duration and hours of operation. Results 
calculated for 1 vehicle-mile of work-zone are presented in Table 15.  
Table 15: Emission Impacts of Flexible and Rigid Pavement Rehabilitation (per vehicle-
mile) 
IMPACTS TMP 
F1 
TMP 
F2 
TMP 
F3 
TMP 
F4 
TMP 
R1 
TMP 
R2 
TMP 
R3 
TMP 
R4 
Total Delay (secs) 722 181 204 73 1690 797 680 574 
Fuel (liters) 0.34 0.09 0.10 0.03 0.82 0.33 0.33 0.28 
HC (grams) 0.83 0.21 0.23 -0.02 2.11 -0.20 0.84 0.75 
CO (grams) 13.69 3.42 3.87 -1.39 36.76 -13.74 14.84 13.25 
NOx (grams) 0.07 0.02 0.02 -0.03 0.25 -0.31 0.11 0.10 
CO2 (grams) 774 194 219 72 1839 792 750 630 
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As expected traditional construction is found to have the highest environmental impacts 
due to traffic disruptions. For flexible pavements, accelerated construction techniques AFDR and 
APDR perform considerably better than their traditional counterparts (i.e. TR and MO), 
respectively. AFDR can reduce the CO2 emissions by 71% , when compared to total 
reconstruction; whereas, APDR can reduce CO2 emissions by almost 63% , when compared to 
traditional milling and overlay process. Among rigid pavement accelerated construction 
techniques, RSC has the lowest impact in terms of traffic emissions due to its shorter 
construction duration. RSC can be used where project duration needs to be minimized, and at 
locations with heavy traffic volumes. TMPs related to PCPS have slightly higher emission 
impacts than that of RSC, but are still considerably less than those of the conventional 
reconstruction process. For PCPS TMPs, night only closures are favorable from an 
environmental point of view but may not be suitable when the project has to be completed within 
a short time frame. Continuous weekend closures can be used for PCPS to shorten construction 
duration without affecting traffic emissions considerably. Implementing accelerated construction 
for rigid pavement rehabilitation or reconstruction can reduce emissions due to traffic impacts by 
up to 66%. 
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Chapter 4: Work-Zone Environmental Assessment Framework & 
Overall Environmental Impacts (Task 3) 
Following the detailed analysis of the life cycle impacts (Chapter 2) and traffic emission 
effects due to mobility disruption during the construction process (Chapter 3), in this Chapter a 
more comprehensive assessment of the environmental impacts from the above two factors is 
presented. This will help in visualizing the overall environmental impacts of rehabilitation 
activities and thereby lead into analyzing how accelerated construction will benefit over 
traditional construction methods.  
In the previous chapters, the rehabilitation activities for interstates that have major 
environmental impacts were identified. The activities, under consideration for calculating the 
overall impacts, for flexible pavements are: 1) Total Asphalt Reconstruction, 2) Milling and 
Overlay, 3) Asphalt Full Depth Reclamation, 4) Asphalt Partial Depth Reclamation. The 
activities under consideration for rigid pavements are: 1) Continuous full depth repair or 
Continuously Reinforced Concrete Pavements, and 2) Precast Concrete Pavements. Life cycle 
impacts results obtained for a one-time application of the above-mentioned rehabilitation 
strategies on one lane mile of interstate are presented below in Figure 7: 
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Figure 7: Lifecycle Environmental Impacts for Rehabilitation Activities 
In order to calculate the total emissions for a one lane mile of the pavement, total number 
of vehicle miles travelled through the one mile section of the work-zone were obtained for both 
unrestricted and restricted traffic. “Normal Weekday” and “Normal Weekend” data were 
considered for unrestricted traffic, and the rest were considered as restricted traffic. The traffic 
microsimulation tool was used for this purpose to run scenarios as listed in Table 16.      
Table 16: Vehicle Miles/ Lane Mile and Traffic Emissions/lane mile (in Kg CO2 Eq) 
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Vehicle Miles/Lane mile 
   
102,079  
       
102,034  
              
102,079     102,079    102,034      102,034  
Kg CO2 Eq/ Lane 
     
34,079  
         
33,972  
                
47,229       37,926       45,994  
       
38,028  
 
Additional emissions caused due to traffic management plans related to work-zone were 
calculated as the difference of the results with respect to unrestricted traffic conditions. CO2 
Equivalent amounts are calculated for HC (25 Kg of CO2/Kg of HC) and NOx (298 Kg of CO2/ 
89,380
10,205
81,529
29,801
19,302
14,291
0 20,000 40,000 60,000 80,000 100,000
Total Asphalt Reconstruction (Traditional)
Asphalt Full Depth Reclamation (Accelerated)
Milling and Overlay (Traditional)
Asphalt Partial Depth Reclamation (Accelerated)
Continuously Reinforced Concrete Pavements (Traditional)
Pre-Cast Concrete Pavements (Accelerated)
Life Cycle Environmental Impacts (Kg CO2 Eq/ lane-mile)
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Kg of NOx) using EPA’s GHG Equivalencies Calculator (USEPA, 2017 a). Results obtained 
were summarized as presented in Figure 8. 
 
Figure 8: Effects of Mobility Impacts on the Environment 
Following from that, the overall environmental impacts of the pavement MRR activities 
under consideration for one lane mile of the pavement can be calculated by adding lifecycle 
environmental impacts and effects of mobility impacts on the environment. The results are 
presented in Table 17. 
Table 17: Overall Environmental Impacts (in Kg CO2 Eq.) of Pavement MRR for 1 lane 
Mile 
Pavement 
Function
al Type 
MRR Activities 
Life Cycle 
Environment
al Impacts 
(Kg CO2 Eq/ 
Lane-Mile) 
Effects of 
Mobility Impacts 
on the 
Environment (Kg 
CO2 Eq/ Lane-
Mile) 
Overall 
Impacts (Kg 
CO2 
Eq/Lane-
Mile) 
Flexible 
Total Asphalt 
Reconstruction 
(Traditional) 89,380 
                                          
26,300  
                
115,680  
Asphalt Full Depth 
Reclamation (Accelerated) 10,205 
                                            
7,430  
                
17,635  
26,300 
6,575 
7,430 
1,923 
63,495 
21,576 
25,968 
 -  10,000  20,000  30,000  40,000  50,000  60,000  70,000
Total Reconstruction
Milling and Overlay
Asphalt Full Depth Reclaimation
Asphalt Partial Depth Reclaimation
CRCP
PCPS Using Night Only Closures
PCPS Using Weekend Only Closures
Traffic Emission Impacts (Kg CO2 Eq / Lane Mile)
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Milling and Overlay 
(Traditional) 81,529 
                                            
6,575  
                
88,104  
Asphalt Partial Depth 
Reclamation (Accelerated) 29,801 
                                            
1,923  
                
31,725  
Rigid 
Continuously Reinforced 
Concrete Pavements 
(Traditional) 19,302 
                                          
63,495  
                  
82,796  
Pre-Cast Concrete 
Pavements using weekend 
closure (Accelerated) 14,291 
                                          
21,576  
                  
35,867  
Pre-Cast Concrete 
Pavements using night only 
closure (Accelerated) 14,291 
                                          
25,968  
                  
40,258  
 
One of the important roles of pavement rehabilitation processes are to address the 
pavement needs in a proactive manner. Most pavement preservation treatment provide a certain 
amount of life extension based on the nature of the treatment and type of pavement treated. The 
typical life expectancy for the rehabilitation strategies considered for this study, as suggested by 
Ontario Ministry of Transportation, are as follows (Table 18): 
Table 18: Life Expectancy for the Rehabilitation Strategies (Athena Sustainable Material 
Institute, 2013; Moges, Ayed, Viecili, & Halim, 2017) 
 
Pavement 
Functional 
Type 
MRR Activities Life 
Expectancy 
(Years) 
Flexible Total Asphalt Reconstruction (Traditional) 19 
Asphalt Full Depth Reclamation (Accelerated) 13 
Milling and Overlay (Traditional) 13 
Asphalt Partial Depth Reclamation (Accelerated) 5 
Rigid Continuously Reinforced Concrete Pavements 
(Traditional) 
15 
Pre-Cast Concrete Pavements (Accelerated) 15 
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Since the rehabilitation strategies differ in terms of life expectancy, it is important that 
the emission results are normalized to an appropriate value for comparison purposes.  This can 
be achieved by annualizing the overall environmental impact results, or in other words, dividing 
the overall environmental impact results by the number of years of life expectancy. The 
annualized results of the above-mentioned pavement rehabilitation treatments are presented 
below Figure 9. 
 
Figure 9: Annualized Overall Environmental Impacts 
The overall environmental impacts for flexible pavements are consistent with the results 
obtained from LCA and traffic impact analysis. Asphalt partial depth reclamation has 6% lower 
environmental impacts than milling and overlay. Asphalt full depth reclamation has 78% lower 
CO2 Eq. emissions than traditional total asphalt reconstruction. The results also reveal that 
AFDR is more environmentally favorable than APDR, and the difference is mostly driven by the 
amount of pavement recycled in these two processes and the lower life expectancy of APDR.  
6,088 
1,357 
6,777 
6,345 
5,520 
2,391 
2,684 
 -  1,000  2,000  3,000  4,000  5,000  6,000  7,000  8,000
Total Asphalt Reconstruction (Traditional)
Asphalt Full Depth Reclamation (Accelerated)
Milling and Overlay (Traditional)
Asphalt Partial Depth Reclamation (Accelerated)
Continuously Reinforced Concrete Pavements
(Traditional)
Pre-Cast Concrete Pavements using weekend closure
(Accelerated)
Pre-Cast Concrete Pavements using night only closure
(Accelerated)
Annualized Overall Impacts (Kg CO2 Eq/mile)
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For rigid pavement MRR, although the LCA environmental impacts are similar, 
accelerated techniques like pre-cast pavements have favorable results for mobility impacts. 
Hence, pre-cast pavements have upto 56% fewer overall impacts on the environment than 
traditional CRCP.  
These also pave the way towards structuring a work-zone environmental assessment (WEA) 
framework as presented in Figure 10.  
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PAVEMENT MAINTENANCE, REPAIR, AND REHABILITATION 
ACTIVITIES 
Define Scope/ Select Assessment 
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Resource Usage
MRR Life 
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Average Distance 
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Conduct Life Cycle Impact Assessment
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Run Micro-Simulation on Work-Zones
(INTEGRATION)
Overall Environmental Impacts (in Kg CO2 Equivalent) for 1 Lane Mile
Traditional Construction Accelerated Construction
Nodes Links
Signal Timing Plan
AADT/ Hourly 
Distribution
Estimate Origin-Destination Traffic Demands from 
Link Flow Counts
(QueensOD)
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Figure 10: Work-Zone Environmental Assessment Framework 
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 A step by step narrative of the framework is provided below to highlight the WEA process: 
Step 1 : Identify pavement section in distress and type(s) of distress.   
Step 2 : Identify applicable MRR alternatives (both traditional and accelerated) 
Step 3 : Identify design life of the pavement 
Step 4 : Perform Life Cycle Assessment of the selected MRR alternatives 
Step 4.1 : Determine the structural and geometrical attributes of the section (i.e. length, 
number of lanes, lane width, pavement thickness, structural type, and 
geographical location) 
Step 4.2 : Define the scope and boundary for life cycle assessment. 
Step 4.3 : Identify average distance travelled by commodities  
Step 4.4 : Locate rehabilitation schedule applicable to the pavement. These might be 
available from various state departments of transportation or existing 
research 
Step 4.5 : Determine the life-expectancy of the MRR alternatives 
Step 4.6 : Perform Life Cycle Assessment for the MRR alternatives and obtain the 
environmental impact results in amounts of CO2 equivalent. 
Step 5 : Perform Traffic Impact Analysis for selected MMR alternatives 
Step 5.1 : Identify the location of the pavement section on a commercial mapping tool 
Step 5.2 : Gather traffic data in AADT on the pavement section of potential impact 
Step 5.3 : Prepare Node and Link files using co-ordinates and distances obtained from 
the commercial mapping tool. 
Step 5.4 : Prepare Origin-Destination file from the link flow data obtained in Step 5.3 
Step 5.5 : Estimate the construction durations for the selected MRR alternatives 
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Step 5.6 : Formulate traffic management plans (i.e. type of closure and duration of 
closure) allowing for the least construction duration for each alternative 
under consideration, without compromising on safety and quality 
Step 5.7 : Prepare Incident/ Lane Blockage file for each of the TMPs identified in Step 
5.6 
Step 5.8 : Run traffic micro-simulation for weekend and weekday traffic without work-
zone (normal traffic) 
Step 5.9 : Run traffic micro-simulation for weekend and weekday traffic with work-
zone for each TMP identified in Step 5.6 (impacted traffic) 
Step 5.10 : Calculate impacts to traffic emissions by comparing results obtained in Step 
5.9 with Step 5.8 
Step 5.11 : Obtain traffic impact data from micro-simulation model in terms of vehicle-
miles travelled on the pavement section 
Step 5.12 : Calculate amounts of CO2 equivalent of the emissions per lane mile of the 
pavement for all selected MRR alternatives 
Step 6 : Analyze overall environmental impacts of the traditional and accelerated 
pavement MRR alternatives.  
As mentioned in the problem statement, there is a dearth of existing research on the 
comparison of LCA results for traditional and accelerated pavement MRR activities. Hence, the 
methodology and the overall outcomes of this study were validated against existing literature 
which are broadly related to essence of this study. Huang et al. (2014) conducted a LCA study 
for a road pavement maintenance project in UK East Midlands. The researchers used a 
combination of LCA model SimaPro and traffic simulation model AIMSUN to analyze impacts 
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for traffic management plans for various rigid pavement repair alternatives. The study revealed 
that emissions due to traffic disruptions are greatly dependent on the duration and the timing of 
the traffic management plan. Night closures were found have lesser traffic emission impacts than 
continuous closures (Huang, Galatioto, Parry, Bird, & Bell, 2014). Huang (2009) conducted a 
similar study in Hanford, UK, and analyzed the outcomes of reducing the construction duration 
in a pavement reconstruction project. The authors combined traffic microsimulation model 
VISSIM, and emission model EnvPro to calculate emission impacts, and integrated results in 
their LCA studies. The research concluded that the accelerated delivery of the roadwork reduced 
the duration of disturbance in the traffic, and as a result decreased emissions caused due to traffic 
impacts. The authors believe that life cycle assessment along with micro-simulation analysis of 
traffic is a feasible way to measure and compare the environmental effects of pavement MRR 
activities throughout its life cycle (Huang, Bird, & Bell, 2009). The results obtained in the 
above-mentioned studies are along the lines of the outcomes of this study. 
For understanding the behavior of the model under various traffic volumes, the model 
was run 72 times for varying AADTs and 6 TMPs. As preparing the Origin-Destination Matrix 
for each AADT poses the most challenge, an Excel Spreadsheet VBA model was prepared with 
an easy user interface, to generate input files required for calculating O-D matrix in Queens OD 
software. The interface allows users to enter AADT value for the roadway section under 
consideration, and the hourly distribution of traffic. A snapshot of the interface is provided in 
Figure 11.  
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Figure 11: AADT Input File Interface for Queens OD 
To identify the range of AADT in US interstates, AADT data published by FHWA for 
each state were studied (FHWA, 2013). An AADT range of 13000 – 123000 seems to include 
the traffic volume on interstate in most of the states. AADT value was increased by 10,000 for 
each batch of simulation, which included un-impacted traffic i.e. normal weekday and weekend 
traffic, and impacted traffic i.e. continuous closure or night closure with speed reduction from 65 
mph to 55 mph.  The results obtained for continuous one lane closure (weekday and weekend) 
and night only closures (weekday and weekend) are presented below. 
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Figure 12: Traffic Emission Impacts for Continuous One Lane Closure on a Weekday 
for AADTs 13,000 to 123,000 
 
 
Figure 13: Traffic Emission Impacts for Night -Only One Lane Closure on a Weekday 
for AADTs 13,000 to 123,000 
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Figure 14: Traffic Emission Impacts for Continuous One Lane Closure on a Weekend 
for AADTs 13,000 to 123,000 
 
Figure 15: Traffic Emission Impacts for Night -Only One Lane Closure on a Weekend 
for AADTs 13,000 to 123,000 
A gradual increase of emission for continuous one lane closure due to increase in 
traffic volume was observed. For AADTs ranging from 13000 to 33000, the impacts due traffic 
emissions are minimal, as less traffic resulted in shorter queue length. For night only closure, the 
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impacts were found to be negative in some cases due to lesser NOx emission as a result of speed 
reduction, and shorter queue lengths. As traffic volume at night is generally less, the traffic 
emission impacts are smaller in magnitude than the ones for continuous closure. These results 
can be readily used to model any TMPs on a road section using the emission value for the AADT 
under consideration. For demonstration purposes, the results were used for the TMPs considered 
in this study, for traditional and accelerated construction of rigid and flexible pavements and are 
presented below. As expected it was observed that the benefits of accelerated construction 
increase with the increase in traffic volume. 
 
Figure 16: Traffic Emission Impacts for Total Reconstruction and AFDR for AADTs 
13,000 – 123,000 
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Figure 17: Traffic Emission Impacts for Milling & Overlay and APDR for AADTs 
13,000 – 123,000 
 
 
Figure 18: Traffic Emission Impacts for CRCP and PCPS for AADTs 13,000 – 123,000 
Following from the assessment of the overall environmental impacts from traditional 
construction activities as outlined above, it can be concluded that there is a need for 
implementing accelerated construction processes for attaining sustainable development. Against 
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the backdrop of the global warming potential of such traditional methods, it is imperative to 
encourage the construction industry to minimize their impacts on the environment. The next 
chapter explores and recommends the various implementation strategies of accelerated 
construction to achieve sustainable development. In particular, concepts like green contracting is 
explored, which takes into account the lack of contractual needs to include environmental costs 
in the budget estimates. The chapter assesses the social cost of carbon, which is one of the ways 
to attribute monetary value to emissions in the form of $/ Kg CO2 Equivalent. The chapter also 
touches upon suggested green policies like the carbon tax which, if implemented, might 
incentivize the use of green contracting, and in turn, accelerated construction.  
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Chapter 5: Role of Accelerated Construction in Achieving Sustainable 
Development (Task 4) 
Despite the increased awareness about climate change among the agencies, most of the 
construction practices are governed by initial construction cost and lifecycle maintenance costs. 
Sustainable practices, such as accelerated construction, may come with an increased price tag, 
and seem less lucrative to the highway agencies. Hence, there is a need to put in place regulatory 
policies which can incentivize sustainable practices in highway maintenance, repair, and 
rehabilitation from an economic point of view. Some of the existing concepts proposed by 
economists, environmentalists, and construction management researchers, and identified in this 
study are: a) procurement methods favoring accelerated construction, b) carbon tax, and c) cost 
of carbon.  
5.1 Procurement Methods and Contracting Strategies to Accelerate Construction 
Procurement methods and contracting requirements play a vital role in accelerating 
construction projects. Design-Bid-Build (DBB) is the method traditionally used in delivering 
public infrastructure projects (Hancher, 1999). Despite the parties’ familiarity with DBB and the 
lower amount of risk placed on the contractors, this particular project delivery system may 
present certain drawbacks, such as: (i) The construction process cannot start before the 
completion of the design, which results in longer project durations; thus makes DBB not suitable 
for the expedited delivery of projects. (ii) The owner stipulates the specifications prior to the 
construction phase, which leaves little room for innovation, as the contractor does not have any 
risks related to quality, performance or maintenance (Hancher, 1999). Consequently, several 
innovative contracting or alternative project delivery (APD) approaches have been developed 
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throughout the United States, and it was found that these approaches may have the potential to 
result in faster completion of projects, especially at locations that face heavy traffic congestion.  
Alternative procurement methods encourage contractors to employ construction 
techniques and modern technology that improve the quality of the project, and/or reduce project 
duration. Accelerated construction requires effective communication between design and 
construction teams; as most often these phases are overlapped to complete the project in a fast 
track. Employing alternative procurement methods can result in lower cost-overruns that may 
otherwise occur due to schedule delays and/or change orders (Carpenter, Fekpe, & 
Gopalakrishna, 2003). Some of the innovative procurement methods used successfully in 
infrastructure construction projects are as follows: 
5.1.1 Design Build (DB)  
The public agency has a single contract with the company that is in charge of both 
design and construction (Fishman, Kirkpatrick, & Ellis, 2009). 
5.1.2 Construction Management at Risk (CMR)  
The owner hires a construction manager (CM), who assumes the role of the general 
contractor, accepts the risk, and guarantees the price of construction (Mahdi & Alreshaid, 
2005). This procurement method is also referred to as Construction Manager/General 
Contractor (CMGC). 
5.1.3 Construction Management Agency (CMA)  
This procurement method is highly similar to the traditional procurement method, 
except that the owner hires a CM to control the project mostly during the design phase. In 
CMA, the CM's role is fully advisory (Mahdi & Alreshaid, 2005).   
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Some of the contracting requirements that can be used with the above-mentioned 
procurement methods are as follows: 
5.1.4 Lane Rental  
The contractor is charged according to the time spent for construction activities 
occupying the traffic lanes (Carpenter, Fekpe, & Gopalakrishna, 2003). This is mainly 
intended to accelerate the construction process at locations where traffic volume is high. 
5.1.5 A+B Bidding (also known as Cost-Plus-Time)  
Both initial construction cost and project completion time are used as decision-
making criteria in selecting a contractor. The duration is converted into its corresponding 
dollar value by calculating the user cost, which is obtained by multiplying the user cost 
rate per day with the number of days of construction (Fishman, Kirkpatrick, & Ellis, 
2009).  A+B can either be used alone or with other contracting requirements. 
5.1.6 Incentive/Disincentive (I/D)   
Inclusion of I/D clauses is one of the most commonly used options by the agencies 
to accelerate infrastructure construction. This clause can be included in any kind of 
procurement method. As the amount of incentive often depends on the time saved, and 
that of disincentive on the amount of overtime, it encourages contractors to shorten the 
construction schedule (National Cooperative Highway Research Program, 2009). 
5.1.7 Phased Construction/Multiple Contracts  
These contracts can be used to reduce the construction time when the project scope 
is excessively large. In such a case, the project is divided into distinct contracts, which 
can be carried out separately at the same time. The contracts may be let to different 
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contractors and can be carried out using different procurement methods (Hall, Migliaccio, 
Tarefder, & Ghorai, 2010). 
5.1.8 Advance Purchasing 
Components having high lead-time can be purchased beforehand in order to 
prevent any delays due to material procurement procedures. Advance Purchasing can be 
employed in any procurement method (Albert, Royce, & Marchione, 2012). 
5.1.9 Green Contracting 
Green contracting for infrastructure is a comparatively new concept, which 
proposes providing a bidding preference to the contractors incorporating sustainability 
practices in their scope of work (Ahn, Peña-Mora, Lee, & Arboleda, 2013). There are 
hardly any traditional contracting practices, which consider sustainable construction as a 
criterion to evaluate bids submitted by contractors. Ahn, et al. (2013) proposed two 
innovating green procurement methods i.e. i) A (Cost) + C (Environmental Cost) and ii) 
A (Cost) + B (Time) + C (Environmental Cost), where the environmental cost reflects the 
potential environmental damages expected during the construction process. The 
environmental cost can be calculated using the WEA framework proposed in this study. 
Some of the potential benefits of this green contracting are i) opportunity for smaller 
contractors with the intent to implement sustainable technologies, ii) ensuring the use of 
green practices by contractors during the maintenance, repair, and rehabilitation process, 
and iii) encouraging contractors to innovate and improve their sustainability approach to 
increase cost effectiveness (Ahn et al., 2013).  
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Green contracting can also be incorporated into project management practices, to 
provide economic solutions to the sustainable strategies provided by contractors 
(Robichaud & Anantatmula, 2011). This can be achieved by setting clear sustainability 
goals before the start of project, conveying the means and methods of accelerated 
construction to the whole project team at the kick off meeting, keeping the project team 
in loop right from the project initiation phase, setting up incentives internally for 
achieving sustainability goals, and educating the project team about the environmental 
benefits of selected construction alternatives (Robichaud & Anantatmula, 2011). 
Research has shown that for some architecture and engineering firms, green behavior can 
help in improving the premium prices and growth rate (Lu, Cui, & Le, 2012). Green 
companies are likely to receive a higher return on investment and equity than their 
traditional counterparts, and are likely to receive lower interest rates for their debts (Lu, 
Cui, & Le, 2013). This, to some extent, compensates for the additional up-front cost 
associated with green practices like accelerated construction, and serves as an incentive 
for construction companies to embrace the same in pavement repair and rehabilitation 
projects  
All the above-mentioned procurement methods and contracting strategies, have been 
summarized into a flow chart model presented in Figure 19. The model was initially developed 
for bridge projects, but it can be applicable to pavement MRR as well. Green contracting is still 
in its nascent stages, and its implications and legal provisions are still unknown. It is anticipated 
that the contractors will be encouraged to use green contracting with any of the procurement 
methods. 
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Figure 19: Procurement Method and Contract Selection Framework (Salem, Salman, & 
Ghorai, 2017) 
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5.2 Carbon Tax 
Carbon Tax assigns a monetary value to the damages caused to the environment due to 
burning of carbon based fuels and the resulting release of CO2 in the atmosphere (CTC, 2017). 
The concept is to take advantage of the existing tax collection system, and impose carbon tax 
right from extraction phase of the fossil fuel life cycle and pass along the cost to consumers. This 
dis-incentivizes the use of fossil fuel, and has the potential to encourage consumers to switch to 
greener means of energy (CTC, 2017). A study done as a part of The Hamilton Project proposes 
potential policies to reduce emissions and discusses the merits, demerits and challenges of some 
carbon tax alternatives (Metcalf, 2007).  Two of the prominent ideas proposed were a) Carbon 
Tax Swap and b) Cap and Trade.  
Carbon tax swap assigns a certain tax rate on GHG emissions, which will increase with 
time. This is accompanied by a tax credit to agencies engaging in carbon sequestration activities, 
and employee income tax credits paid by employers earning tax breaks for lowering their CO2 
emissions. On the other hand, Cap and Trade policy proposes to assign a limit to the amount of 
GHG, a firm or agency can emit and will regulate it by the sale of permits. Firms can buy the 
permits beforehand based on their average trend of GHG emissions. Permits can be sold and 
bought in the open market based on the current emission trend. This will increase the price of 
CO2 in the open market and will encourage firms to use renewable forms of energy and adopt 
green practices (Metcalf, 2007). However, studies have shown Carbon Tax performs better than 
Cap and Trade approach in certain aspects, such as: i) carbon taxes are immune to cost 
fluctuations over the years, ii) carbon tax can be set equal to the benefits obtained from reduced 
emissions, hence would justify the cost of green strategies, and iii) benefits from the tax can be 
as high as five times that of cap and trade (Congressional Budget Office, 2008). These policies 
might be backed by other strategies such as: i) phasing out all forms of subsidies on fossil fuels 
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in all countries irrespective of their economic situation, ii) providing adaptation time by releasing 
public memos with projected price trends showing incremental cost of carbon taxes in future 
years, and iii) globalization of carbon tax policies to achieve consistency among international 
regulations to avoid abuse or leakage (Global Utmaning, 2009). 
Seven European countries i.e. Denmark, Finland, Germany, Netherlands, Slovenia, 
Sweden and the United Kingdom adopted environmental tax reform during the 1990s’ and early 
2000. Studies have shown that the tax reforms had favorable impacts on the countries’ 
economies (Andersen, et al., 2007). The Competitiveness Effects of Environmental Tax Reforms 
(COMETR) analyzed the effects of reform on factors like competitiveness, GDP, consumer price 
index, and fuel demand. The results did not indicate any adverse effects to the economy. On the 
contrary, it was found that environmental tax reforms improved GDP, and had a progressive 
distribution in the developing countries. However, the affects were found to be a little regressive 
in developed countries, which can be counteracted by providing tax breaks to households under 
certain income levels (Andersen, et al., 2007). 
British Columbia introduced a revenue neutral carbon tax in 2008, with the intent of 
encouraging individuals and businesses to adopt sustainable choices. (British Columbia Ministry 
of Finance, 2008). The tax was levied on all forms of fossil fuels with no exception. The tax was 
gradually phased in, starting at $10 per ton of CO2 equivalent, with an increase of $5 every year 
for next four years. To minimize its effects on the lower income citizens, an annual Climate 
Action Credit was paid in the amount of $100 per adult and $30 per child. Tax credits on federal 
good and services were paid in addition. To maintain revenue neutrality, revenue generated by 
carbon taxes were returned in the form of personal tax cuts, reduced corporate and small business 
taxes (British Columbia Ministry of Finance, 2008). The results of this policy were visible with 
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BU achieving 5.5% reduction in GHG emissions and 12.4% growth in GDP between 2007 and 
2014, despite an increase in population by 8.1% (The Province of British Columbia, 2016).  
Several researchers in the United States, have proposed various carbon tax strategies 
based on various economic models. Shapiro et al. (2008) structured a tax shift strategy with 
carbon taxes starting at $14/ metric ton of CO2 (in 2005 dollars) in 2010, with a gradual 
increment to $50/ metric ton by 2030 (Shapiro, Pham, & Malik, 2008). 90% percent of the 
revenue generated were planned to be returned to the public in the form of tax breaks and the 
remaining 10% would be used for environmental research. The authors used the National Energy 
Modeling Systems to predict that by 2030, i) carbon taxes will reduce energy consumption in 
America by 7 %, ii) the use of renewable energy will increase by 220 %, and carbon intensive 
fuel use will drop by 54%, and iii) as a result, the CO2 emissions will drop by 30% compared to a 
“business-as-usual” scenario and all this can be achieved  without affecting the U.S. economy 
(Shapiro, Pham, & Malik, 2008).  Krupnick et al. (2010) estimated the price of CO2 to be $33/ 
ton (in 2007 dollars), to reduce GHG emissions by 8.5% by 2020 (Krupnick, Parry, Walls, 
Knowles, & Hayes, 2010). However, some researchers believe if revenue recycling and welfare 
improvements are not taken into consideration, the cost of social damages from CO2 might reach 
as high as $90.7/ ton (Parry & Williams III, 2011). 
In the U.S., although a large number of American people are in consensus with the 
scientific facts on climate change, it has always been challenging to convince the policy makers 
to take strict actions which will increase the costs of present day living to combat the future 
effects of climate change, the timing of which can’t be predicted accurately (Shapiro, Pham, & 
Malik, 2008). Hence, it is necessary to reinforce carbon taxes with strategies which will increase 
acceptability and chances of success. Besides offsetting the increased cost in the form of tax 
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breaks, it can be achieved by i) concurrently investing in other forms of GHG reduction 
strategies such as subsidies for green practices like installing solar panels, adopting sustainable 
farming or driving an electric car; ii) using the revenue generated from carbon tax to construct 
infrastructure to be better prepared for extreme natural disaster, caused due to already impacted 
climate; and iii) communicating the social, environmental, and economic benefits achieved due 
to carbon tax to the tac payers on an annual basis (Marron & Morris, 2016). 
Although, the effects of carbon tax on American construction industry is unknown, some 
lessons can be learnt from the impacts of the same on the European Union construction industry. 
One of the immediate impacts was a steep rise in electricity prices and its corresponding 
implications on any energy intensive industry (Wong, Lacarruba, & Bray, 2013). Small scale 
designers and contractors were reluctant to abide by green practices as they could pass over the 
extra cost imposed due to carbon tax to the consumers.  Although the EU made it mandatory for 
construction industries to report their carbon emissions, there were a few known carbon emission 
estimation systems at the time. This encouraged the research and professional institutions to   
develop inventories and rating systems to evaluate the carbon emissions in a construction project 
(Wong, Lacarruba, & Bray, 2013).   
5.3 Social Cost of Carbon 
The current state of practice of transportation planning embraces social sustainability 
through considerable focus on some direct factors such as safety, ride quality, cost effectiveness, 
and convenience of the commuters (Ramani, Zietsman, Gudmundsson, Hall, & Marsden, 2011). 
However, some of the indirect factors are not receiving the same level of attention. Greenhouse 
gases may have considerable social impacts such as reduction of net agricultural productivity, 
deterioration of human health, property damages from increased flood risk and decrease in value 
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of ecosystem services (Interagency Working Group on Social Cost of Carbon, 2013). These 
social impacts can be assigned a monetary value based on the economic analysis of the above 
mentioned factors (FHWA, 2011b)  
The United States government formed an interagency working group with twelve federal 
departments, under the executive order 12866. Technical experts from the different agencies 
worked together and analyzed public comments, relevant technical literature, key model inputs 
and assumptions to prepare a transparent framework to calculate the social cost of carbon (SCC). 
SCC estimates can help agencies to incorporate social costs due to emissions in the cost benefit 
analysis (Interagency Working Group on Social Cost of Carbon, 2013). In this study, SCC value 
of $23.8/ ton of CO2 with a discount rate of 3% was used to calculate the social impacts of 
pavement MRR activities. A 95th percentile SCC value of $72.8/ ton of CO2 with a 3% discount 
rate was used to demonstrate the impacts, which are predicted to be higher than expected due to 
global warming. Social costs were calculated for MRR activities for per lane-mile of pavement, 
based on overall environmental impact results presented in Figure 9. The comparison of SCC for 
traditional and accelerated MRR practices are shown in Figure 20. The social costs calculated in 
this study may be integrated with the life cycle costs of the pavements and can be used to achieve 
a sustainable pavement management plan. 
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Figure 20: Social Cost of Carbon due to Pavement Rehabilitation Projects ($/lane-mile). 
 
It is evident from Figure 20 that the traditional construction alternatives for both flexible 
and rigid pavements contribute to highest amount of SCC. Accelerated construction can reduce 
socio-environmental impacts by up to 78% in flexible pavements and 57% in rigid pavements. 
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Chapter 6: Summary and Conclusions 
6.1 General Summary 
The aim of this study was to address the gaps in the existing sustainable pavement 
management systems by quantifying the environmental and social impacts due to pavement 
rehabilitation activities. Preservation treatments help in extending the remaining service life of 
pavements, but at the same time, they may have substantial environmental impacts due to the 
acquisition of raw materials, transportation of the processed materials from extraction to 
production site, manufacturing of the final product, and the use of various equipment during the 
treatment process. Work-zones related to pavement treatment activities may have considerable 
mobility impacts on the adjacent traffic. Traditional and accelerated maintenance, repair and 
rehabilitation (MRR) techniques were identified for both flexible and rigid pavements. Existing 
studies have presented LCA for pavement construction activities mostly on a case-study basis. 
This research tries to calculate and summarize the environmental effects of all the MRR 
activities that can occur over the life span of a pavement. Environmental impacts of the 
commonly used MRR strategies were calculated in amounts of greenhouse gases emitted due to 
construction activities and mobility disruption, energy consumed and resources used. A life cycle 
assessment (LCA) approach was used, taking into account the life extension of the pavement for 
each type of strategy. The scope boundary includes only the construction activities relevant to 
pavement MRR. On the traffic side, the simulation models in use to predict the emission of 
work-zones are mostly static emission factor models (SEFD). SEFD calculates emissions based 
on average operation conditions e.g. average speed and type of vehicles. Although these models 
produce accurate results for large scale planning studies, they are not suitable for analyzing 
driving conditions at the micro level such as acceleration, deceleration, idling, cruising and 
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queuing in a work zone. This study addresses this gap by using an integrated traffic micro-
simulation emission model, which can capture the effects of instantaneous changes in vehicle 
operations and can provide an accurate prediction of traffic impacts and emissions for work 
zones.  
Accelerated construction techniques are known to have several advantages such as 
reducing delay and congestion, decreasing safety concerns, and in turn minimizing 
environmental and socio-economic impacts associated with work zones. The study proposes a 
comprehensive work zone environmental assessment (WEA) framework which will help 
highway officials to access the environmental benefits of accelerated construction and opt for the 
most suitable transportation management plan from an environmental point of view. 
6.2 Life Cycle Benefits of Accelerated Pavement MRR in terms of Resource Usage 
The treatment processes for flexible and rigid pavements are considerably different due to 
the structural nature of the pavements. As flexible pavements are much older than rigid 
pavements, there are more innovative options available for flexible pavement MRR than for rigid 
pavements. Life cycle assessment results are presented in two formats: a) annualized impact per 
square meter of the pavement, and b) impact over the design life of one center mile of a 
pavement. 
LCA results showed that for flexible pavements, innovative rehabilitation techniques like 
partial or full depth reclamation have 11 – 20 % less life cycle environmental impacts than 
traditional techniques like milling and overlay or total reconstruction. One of the major reasons 
is that in pavement reclamation techniques the existing asphalt layer is recycled to produce a new 
stable layer which minimizes the need of raw virgin materials unlike traditional techniques. 
Again, among maintenance processes, innovative techniques like micro-surfacing have 50% 
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lesser resource usage, global warming potential, and energy consumption than traditional 
processes like chip seal. Minor treatment processes like fog seal, and crack seal have minimum 
impacts with maximum benefits when the corresponding life extensions are compared. Thus, it 
was observed that products with lower asphalt content and a lesser heat requirement use less 
energy and have minimum GHG emissions. 
For rigid pavements, the GHG emissions and energy consumption due to materials used, 
construction equipment, and transportation were found to be similar for both traditional 
techniques like full depth repair, and accelerated techniques like precast concrete pavement 
systems. Similar to flexible pavements, minor treatment processes like concrete seal joints, 
diamond grinding, and partial depth repair have much less lifecycle environmental impacts with 
substantial benefits in terms of life expectancy. Thus, it can be concluded that the DOTs should 
make maximum utilization of all the treatment processes, and should focus more on the 
accelerated strategies including recycling techniques, to achieve a sustainable arterial 
maintenance, repair, and rehabilitation plan. 
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6.3 Reducing Emissions due to Traffic Impacts during Construction using 
Accelerated Pavement MRR  
A comprehensive literature review was performed to understand the state of practice in 
pavement rehabilitation. APDR, AFDR, PCPS and RSC were identified as commonly used 
accelerated rehabilitation techniques. Placement rates and curing times were studied for each of 
the alternatives. Software program, INTEGRATION, was used to simulate 24-hour weekday and 
weekend traffic on a section of I-66. TMPs suitable for conventional and accelerated pavement 
rehabilitation techniques were designed to model real life work zone traffic scenarios with the 
traffic emissions around the area. Vehicle emissions were computed in amounts of hydrocarbons 
(HC), carbon monoxide (CO), carbon dioxide (CO2) and nitrogen oxide (NOx). Results obtained 
after calculating the change in emissions for work zones at which accelerated construction is 
employed revealed its feasibility in reducing the environmental impacts of MRR processes. 
Accelerated construction techniques were found to have the potential to reduce traffic emissions 
due to congestion by up to 71% for flexible pavements and 66% for rigid pavements.  
6.4 Overall Conclusion 
Life cycle assessment data when combined with traffic impact emission data, provides 
insight into the majority of the environmental impacts caused by pavement MRR. Social cost of 
carbon was calculated to visualize the monetary value of the social impacts caused due to 
increased emissions; and favorable results were obtained for accelerated construction.  There are 
approximately 70,000 lane miles of interstates in USA of which around 90% miles are for 
flexible pavements (FHWA, 2016). According to ASCE’s 2017 Infrastructure Report Card, 
almost one fifth of USA’s highways are in poor condition (ASCE, 2017). As per the results 
obtained in this study, accelerated construction, if used all over USA for maintenance, repair, and 
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rehabilitation of highways, may reduce carbons emissions significantly over the lifecycle of 
highways. In today’s world, it has become increasingly necessary, to raise awareness among 
public and private agencies about climate change. Agencies like department of transportation can 
contribute significantly towards sustainable infrastructure, by adopting green practices like 
accelerated construction. Innovative technologies and strategies used for pavement MRR, often 
have more initial cost than their traditional counterparts. But, the environmental damages caused 
by them are often neglected, due to the lack of a proper system to account for environmental 
costs, and absence of initiatives to incorporate those costs in the bidding process. This study 
attempts to provide professionals with a framework to analyze pavement repair and rehabilitation 
alternatives from an environmental point of view. The framework is highly customizable and can 
be adjusted per the specifications of any project. Accelerated construction might pose some 
challenges contractually. A procurement method selection model is, therefore, provided to assist 
professionals in the decision-making process. The utility of this framework can only be 
maximized, when reinforced with sound environmental policies. It is becoming increasingly 
important, not only to critically review the corporate social responsibility commitments of 
construction companies, but also to assign yearly goals on reducing their greenhouse gas 
emissions. Lawmakers have an extremely important role to play in introducing and approving 
policies to keep emissions from construction industry under control. Serious considerations 
should be provided to options like carbon tax and social cost of carbon. Studies should be 
conducted on state of practice of carbon tax in other countries, and its effective implementation 
on the construction industry. Accelerated construction provides agencies with a significant 
opportunity to do their part in combating climate change. It is anticipated that this study will 
encourage development of methods that will include environmental considerations in addition to 
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the conventional economic comparisons during the selection process of the infrastructure 
maintenance, repair, and rehabilitation alternatives. 
6.5 Recommendations 
This research intends to formulate a structure to calculate the environmental impacts of 
pavement maintenance, repair, and rehabilitation activities. Although, life cycle assessment 
results were obtained for all functional types of roads, traffic impacts were just calculated for 
treatment processes related to highways. There is an opportunity to conduct analysis of the 
environmental emissions due to MRR activities in grid networks consisting of minor arterials, 
local roads, and collectors. Gathering traffic data, modeling grid networks using traffic 
microsimulation tools, and evaluating the impact of work-zones on the network will comprise of 
a considerable scope for research. Further studies can be conducted on the life cycle impacts of 
renewable and sustainable materials used for pavement MRR. Besides innovative technologies, 
sustainability in pavement maintenance, repair, and rehabilitation can be achieved through lean 
project management strategies and green contracting at a program level. In addition, econometric 
studies can be conducted develop frameworks which can readily combine environmental impacts 
in the cost estimates, and thereby, makes it possible to be considered during the bidding process. 
The social costs calculated in this study may be integrated with the life cycle costs of the 
pavements, and can be used to achieve a sustainable pavement management plan. Several 
researchers have created economic models to optimize the maintenance and rehabilitation plans 
of the pavements. Meneses and Ferreira (2012) have prepared a multi-objective decision–aid tool 
to minimize the agency and user cost while maximizing the residual value of pavements 
(Meneses & Ferreira, 2012). The optimization model integrates the AASTHO pavement 
performance model with life cycle costs to provide an economic solution to the maintenance 
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schedule. Garza et.al. (2011) prepared an MS Excel based model to optimize the pavement 
maintenance and renewal strategies at a network-level (Garza, Akyildiz, & Krueger, 2011). A 
linear program was used to model budget constraints, and pavement performance goals together 
so as to compute the favorable investment by an agency for each MRR activity within a given 
funding period. Moazami et. al. (2011) created a tool to prioritize rehabilitation and maintenance 
processes based, not only, on roadway characteristics and traffic volume, but also, on agency and 
user cost (Moazami, Behbahani, & Muniandy, 2011). All these above mentioned models can be 
modified to provide sustainable decisions by adding social costs suggested in this study.  
Research can be conducted to construct environmental policies based on robust economic models 
to incentivize the use of accelerated construction. In the future, the WEA framework can be 
modified to incorporate changes in traffic composition due to increase in the number of electric 
vehicles. The LCA model will need to be adjusted to account i) for the life cycle impacts of 
electricity generation, required to charge electric vehicles, and ii) reduction in gas consumption 
by fuel efficient vehicles. The traffic emission module will need to be fine-tuned by varying the 
percentage of AADT comprising of electric vehicles. 
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Appendix A : Environmental Impacts and Energy Consumption of 
Pavement MRRs by road functional type 
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A.1 Asphalt Partial Depth Reclamation – Spot Repair  
Asphalt Partial 
Depth Reclamation - 
Spot Repair 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
455662.72 147205.17 140228.80 34312.87 31110.34 24705.27 
Acidification Potential  
(moles of H+ eq) 
150302.84 49266.57 46723.48 11487.99 10415.78 8271.35 
Eutrophication Potential  
(kg N eq) 
140.40 45.85 43.41 10.70 9.70 7.70 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
63731.18 20470.19 19476.23 4775.43 4329.73 3438.31 
Energy Consumption             
Hydro (MJ) 5080.94 1895.48 1722.46 443.70 402.28 319.46 
Coal (MJ) 144222.99 56856.54 50829.20 13326.51 12082.71 9595.09 
Diesel (MJ) 1925936.95 801364.96 705513.04 192199.03 174260.46 138383.30 
Feedstock (MJ) 2538176.52 1057573.55 930664.72 248307.84 225132.44 178781.65 
Gasoline (MJ) 2368.80 987.00 868.56 231.51 209.90 166.69 
Heavy Fuel Oil (MJ) 390195.41 152151.07 136425.79 35630.24 32304.75 25653.77 
LPG (MJ) 19024.71 7436.60 6665.45 1740.65 1578.19 1253.27 
Natural Gas (MJ) 512119.03 191631.63 174216.97 44820.70 40637.43 32270.90 
Nuclear (MJ) 8922.05 2867.44 2731.87 668.60 606.20 481.39 
Total Primary Energy 
Consumption (MJ)  
5546047.39 2272764.28 2009638.06 537368.78 487214.36 386905.52 
Resources Used             
Coarse Aggregate (kg) 706962.80 294567.83 259219.69 69013.04 62571.82 49689.39 
Water (L) 5155.15 2147.98 1890.22 515.52 467.40 371.17 
Coal (kg) 8211.97 2967.34 2756.40 691.71 627.15 498.03 
Uranium (kg) 0.03 0.01 0.01 0.00 0.00 0.00 
Natural Gas (m3) 18014.31 5929.85 5729.98 1374.66 1246.36 989.75 
Crude Oil (L) 131858.08 42172.10 40206.41 9834.50 8916.61 7080.84 
Crude Oil as feedstock 
(L) 
60663.87 25276.61 22243.42 5934.70 5380.79 4272.98 
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Asphalt Partial Depth 
Reclamation - Spot 
Repair 
TRANSPORTATION 
Environmental Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
107374.05 51173.52 77377.35 39845.24 39530.46 38900.92 
Acidification Potential  
(moles of H+ eq) 
32955.55 15706.25 23748.90 12229.37 12132.76 11939.54 
Eutrophication Potential  
(kg N eq) 
35.81 17.07 25.81 13.29 13.18 12.97 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
17510.72 8345.41 12618.82 6497.99 6446.66 6343.99 
Energy Consumption             
Hydro (MJ) 618.21 294.64 445.51 229.41 227.60 223.97 
Coal (MJ) 9021.17 4299.41 6500.96 3347.65 3321.20 3268.31 
Diesel (MJ) 317899.60 172823.92 193774.40 110373.95 108590.30 105022.99 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 29806.75 14205.63 21479.75 11060.93 10973.55 10798.79 
LPG (MJ) 1349.52 643.17 972.51 500.79 496.83 488.92 
Natural Gas (MJ) 55097.72 26259.08 39705.27 20446.11 20284.59 19961.54 
Nuclear (MJ) 2379.73 1134.16 1714.91 883.09 876.11 862.16 
Total Primary Energy 
Consumption (MJ)  
416172.71 219660.01 264593.30 146841.93 144770.18 140626.70 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 1869.74 712.30 1398.14 584.91 581.50 574.70 
Uranium (kg) 0.02 0.01 0.01 0.00 0.00 0.00 
Natural Gas (m3) 6145.58 2341.24 4595.48 1922.51 1911.32 1888.95 
Crude Oil (L) 37652.78 17592.55 27233.87 13757.78 13651.50 13438.93 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.2 Asphalt Partial Depth Reclamation -Milling 
Asphalt Partial 
Depth Reclamation -
Milling 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
3863560.62 2298807.40 1953163.03 813883.41 737920.96 585996.05 
Acidification Potential  
(moles of H+ eq) 
1201166.94 713413.18 605890.05 252675.80 229092.72 181926.57 
Eutrophication Potential  
(kg N eq) 
1207.47 718.11 611.69 253.73 230.05 182.68 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 
eq) 
584376.81 348066.79 296587.84 122945.82 111470.88 88520.99 
Energy Consumption             
Hydro (MJ) 21112.02 12290.17 10456.77 4346.33 3940.67 3129.36 
Coal (MJ) 320274.74 179397.49 152630.73 63444.14 57522.68 45679.78 
Diesel (MJ) 22311609.31 13307806.35 13300009.83 4697082.51 4258688.14 3381899.40 
Feedstock (MJ) 560141.84 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 281.47 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 1008998.84 588048.84 500710.53 207827.59 188430.34 149635.86 
LPG (MJ) 45545.22 26948.20 22917.91 9533.49 8643.70 6864.11 
Natural Gas (MJ) 1925771.09 1130914.79 959197.91 400986.63 363561.21 288710.37 
Nuclear (MJ) 79347.82 47257.61 40212.35 16710.83 15151.16 12031.80 
Total Primary Energy 
Consumption (MJ)  
26273082.36 15292663.45 14986136.02 5399931.51 4895937.90 3887950.68 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 12887.89 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 24906.00 14180.41 11597.99 5165.98 4683.82 3719.51 
Uranium (kg) 0.20 0.12 0.10 0.04 0.04 0.03 
Natural Gas (m3) 81506.00 47716.01 39009.93 17424.33 15798.06 12545.52 
Crude Oil (L) 1211027.80 721730.77 614611.80 255048.24 231243.74 183634.73 
Crude Oil as feedstock 
(L) 
13387.71 0.00 0.00 0.00 0.00 0.00 
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Asphalt Partial Depth 
Reclamation - Milling 
TRANSPORTATION 
Environmental Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
141287.35 64791.83 43963.53 13567.08 12451.93 10221.62 
Acidification Potential  
(moles of H+ eq) 
43364.05 19885.90 13493.25 4163.99 3821.73 3137.20 
Eutrophication Potential  
(kg N eq) 
47.12 21.61 14.66 4.52 4.15 3.41 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 eq) 23041.18 10566.23 7169.53 2212.50 2030.65 1666.93 
Energy Consumption             
Hydro (MJ) 813.47 373.04 253.12 78.11 71.69 58.85 
Coal (MJ) 11870.44 5443.57 3693.65 1139.86 1046.16 858.78 
Diesel (MJ) 371044.12 221541.12 216914.93 80342.49 73577.77 60048.32 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 39220.99 17986.04 12204.16 3766.19 3456.62 2837.49 
LPG (MJ) 1775.75 814.33 552.55 170.52 156.50 128.47 
Natural Gas (MJ) 72499.91 33247.15 22559.36 6961.78 6389.56 5245.10 
Nuclear (MJ) 3131.34 1435.98 974.36 300.69 275.97 226.54 
Total Primary Energy 
Consumption (MJ)  
500356.03 280841.22 257152.13 92759.63 84974.27 69403.55 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 1817.27 654.38 362.28 94.32 86.64 71.28 
Uranium (kg) 0.02 0.01 0.00 0.00 0.00 0.00 
Natural Gas (m3) 5973.11 2150.85 1190.75 310.03 284.79 234.30 
Crude Oil (L) 48277.66 21786.46 14621.75 4477.81 4109.89 3374.07 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.3 Asphalt Route and Seal 
Asphalt Route and 
Seal 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
1338.05 1014.27 269.74 269.74 269.74 269.74 
Acidification Potential  
(moles of H+ eq) 
739.48 560.55 149.08 149.08 149.08 149.08 
Eutrophication Potential  
(kg N eq) 
0.48 0.37 0.10 0.10 0.10 0.10 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
109.53 83.02 22.08 22.08 22.08 22.08 
Energy Consumption             
Hydro (MJ) 143.92 109.10 29.02 29.02 29.02 29.02 
Coal (MJ) 5651.90 4284.50 1139.49 1139.49 1139.49 1139.49 
Diesel (MJ) 268.45 203.50 54.12 54.12 54.12 54.12 
Feedstock (MJ) 82235.66 62339.93 16579.77 16579.77 16579.77 16579.77 
Gasoline (MJ) 41.32 31.33 8.33 8.33 8.33 8.33 
Heavy Fuel Oil (MJ) 3351.31 2540.49 675.66 675.66 675.66 675.66 
LPG (MJ) 52.95 40.14 10.67 10.67 10.67 10.67 
Natural Gas (MJ) 6587.77 4993.93 1328.17 1328.17 1328.17 1328.17 
Nuclear (MJ) 16.14 12.23 3.25 3.25 3.25 3.25 
Total Primary Energy 
Consumption (MJ)  
98349.41 74555.15 19828.49 19828.49 19828.49 19828.49 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 267.37 202.68 53.90 53.90 53.90 53.90 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 174.46 132.25 35.17 35.17 35.17 35.17 
Crude Oil (L) 96.18 72.90 19.38 19.38 19.38 19.38 
Crude Oil as feedstock 
(L) 
1965.48 1489.96 396.27 396.27 396.27 396.27 
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Asphalt Rout and Seal TRANSPORTATION 
Environmental Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
1540.26 1132.09 415.99 415.99 415.99 415.99 
Acidification Potential  
(moles of H+ eq) 
472.75 347.47 127.68 127.68 127.68 127.68 
Eutrophication Potential  
(kg N eq) 
0.51 0.38 0.14 0.14 0.14 0.14 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
251.19 184.62 67.84 67.84 67.84 67.84 
Energy Consumption             
Hydro (MJ) 8.87 6.52 2.40 2.40 2.40 2.40 
Coal (MJ) 129.41 95.11 34.95 34.95 34.95 34.95 
Diesel (MJ) 3549.62 3027.84 1273.85 1273.85 1273.85 1273.85 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 427.57 314.27 115.48 115.48 115.48 115.48 
LPG (MJ) 19.36 14.23 5.23 5.23 5.23 5.23 
Natural Gas (MJ) 790.37 580.92 213.46 213.46 213.46 213.46 
Nuclear (MJ) 34.14 25.09 9.22 9.22 9.22 9.22 
Total Primary Energy 
Consumption (MJ)  
4959.34 4063.98 1654.58 1654.58 1654.58 1654.58 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 40.16 24.43 6.12 6.12 6.12 6.12 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 131.99 80.30 20.13 20.13 20.13 20.13 
Crude Oil (L) 566.41 406.29 143.67 143.67 143.67 143.67 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.4 Asphalt Paving - Resurfacing 
Asphalt Paving-
Resurfacing 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
545596.45 313540.46 313540.46 153186.40 153186.40 110294.21 
Acidification Potential  
(moles of H+ eq) 
243893.41 140493.74 140493.74 68668.58 68668.58 49441.38 
Eutrophication Potential  
(kg N eq) 
165.02 95.21 95.21 46.55 46.55 33.51 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
43429.95 25022.21 25022.21 12230.36 12230.36 8805.86 
Energy Consumption             
Hydro (MJ) 25944.53 14967.19 14967.19 7317.23 7317.23 5268.40 
Coal (MJ) 985621.38 568739.54 568739.54 278059.73 278059.73 200203.01 
Diesel (MJ) 395923.08 226577.80 226577.80 110619.65 110619.65 79646.15 
Feedstock (MJ) 21928973.65 12690882.61 12690882.61 6207696.08 6207696.08 4469541.18 
Gasoline (MJ) 20586.26 11844.00 11844.00 5787.70 5787.70 4167.15 
Heavy Fuel Oil (MJ) 2531970.32 1453345.17 1453345.17 709913.07 709913.07 511137.41 
LPG (MJ) 126165.86 72190.99 72190.99 35244.10 35244.10 25375.76 
Natural Gas (MJ) 2761955.93 1586061.90 1586061.90 774800.25 774800.25 557856.18 
Nuclear (MJ) 7829.18 4496.23 4496.23 2196.47 2196.47 1581.46 
Total Primary Energy 
Consumption (MJ)  
28784970.19 16629105.42 16629105.42 8131634.29 8131634.29 5854776.69 
Resources Used             
Coarse Aggregate (kg) 6185924.52 3534814.01 3534814.01 1725325.89 1725325.89 1242234.64 
Water (L) 38663.66 25775.77 25775.77 12887.89 12887.89 9279.28 
Coal (kg) 46747.84 26973.69 26973.69 13187.52 13187.52 9495.02 
Uranium (kg) 0.01 0.01 0.01 0.00 0.00 0.00 
Natural Gas (m3) 73394.00 42142.94 42142.94 20587.01 20587.01 14822.65 
Crude Oil (L) 85206.22 48869.11 48869.11 23867.92 23867.92 17184.90 
Crude Oil as feedstock 
(L) 
524115.05 303319.37 303319.37 148367.50 148367.50 106824.60 
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Asphalt Paving-
Resurfacing 
TRANSPORTATION 
Environmental Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
203411.87 124597.33 124597.33 70667.35 70667.35 56263.73 
Acidification Potential  
(moles of H+ eq) 
62430.97 38241.30 38241.30 21689.17 21689.17 17268.43 
Eutrophication Potential  
(kg N eq) 
67.84 41.55 41.55 23.57 23.57 18.76 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
33172.22 20319.22 20319.22 11524.38 11524.38 9175.45 
Energy Consumption             
Hydro (MJ) 1171.16 717.38 717.38 406.87 406.87 323.94 
Coal (MJ) 17089.91 10468.21 10468.21 5937.21 5937.21 4727.07 
Diesel (MJ) 1502336.46 882209.37 882209.37 457774.80 457774.80 344412.51 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 56466.57 34587.88 34587.88 19617.06 19617.06 15618.66 
LPG (MJ) 2556.56 1565.99 1565.99 888.17 888.17 707.14 
Natural Gas (MJ) 104378.34 63935.61 63935.61 36262.10 36262.10 28871.05 
Nuclear (MJ) 4508.20 2761.44 2761.44 1566.19 1566.19 1246.97 
Total Primary Energy 
Consumption (MJ)  
1688507.20 996245.87 996245.87 522452.41 522452.41 395907.34 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 1648.52 1035.17 1035.17 621.38 621.38 510.87 
Uranium (kg) 0.01 0.01 0.01 0.01 0.01 0.00 
Natural Gas (m3) 5418.46 3402.47 3402.47 2042.39 2042.39 1679.16 
Crude Oil (L) 67597.83 41456.23 41456.23 23580.10 23580.10 18805.75 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.5 Asphalt Full Depth Reclamation 
Full Depth 
Reclamation 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
444485.48 119572.92 70945.10 17736.27 16080.89 17736.27 
Acidification Potential  
(moles of H+ eq) 
148874.62 53393.93 24470.83 6117.71 5546.72 6117.71 
Eutrophication Potential  
(kg N eq) 
138.44 35.48 22.23 5.56 5.04 5.56 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
61618.65 9130.83 9543.53 2385.88 2163.20 2385.88 
Energy Consumption             
Hydro (MJ) 5944.28 5757.62 1183.63 295.91 268.29 295.91 
Coal (MJ) 180527.92 218978.35 38381.40 9595.35 8699.78 9595.35 
Diesel (MJ) 2880543.36 91425.94 639516.11 159879.03 144956.98 159879.03 
Feedstock (MJ) 3305068.65 4808206.06 746907.30 186726.82 169298.99 186726.82 
Gasoline (MJ) 3266.86 4646.77 732.22 183.06 165.97 183.06 
Heavy Fuel Oil (MJ) 501217.11 575766.25 104820.54 26205.13 23759.32 26205.13 
LPG (MJ) 25100.57 29103.86 5259.28 1314.82 1192.10 1314.82 
Natural Gas (MJ) 618729.79 625913.01 124208.37 31052.09 28153.90 31052.09 
Nuclear (MJ) 8654.77 1697.59 1354.96 338.74 307.12 338.74 
Total Primary Energy 
Consumption (MJ)  
7529053.30 6361495.46 1662363.81 415590.95 376802.46 415590.95 
Resources Used             
Coarse Aggregate (kg) 1038471.47 1442321.48 230771.44 57692.86 52308.19 57692.86 
Water (L) 2577.58 8591.92 859.19 214.80 194.75 214.80 
Coal (kg) 9059.64 10366.81 1824.64 456.16 413.58 456.16 
Uranium (kg) 0.02 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 17892.32 16567.79 3287.69 821.92 745.21 821.92 
Crude Oil (L) 127211.49 18241.50 19615.66 4903.91 4446.22 4903.91 
Crude Oil as feedstock 
(L) 
78993.04 114918.88 17851.51 4462.88 4046.34 4462.88 
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Full Depth 
Reclamation 
TRANSPORTATION 
Environmental Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
56816.42 35346.22 12207.89 6554.97 6379.10 6554.97 
Acidification Potential  
(moles of H+ eq) 
17438.08 10848.38 3746.82 2011.84 1957.86 2011.84 
Eutrophication Potential  
(kg N eq) 
18.95 11.79 4.07 2.19 2.13 2.19 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential  
(kg O3 eq) 
9265.59 5764.20 1990.85 1068.98 1040.30 1068.98 
Energy Consumption             
Hydro (MJ) 327.12 203.51 70.29 37.74 36.73 37.74 
Coal (MJ) 4773.51 2969.66 1025.66 550.72 535.95 550.72 
Diesel (MJ) 311055.59 356731.99 92668.56 45870.55 44414.61 45870.55 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 15772.08 9812.01 3388.88 1819.64 1770.82 1819.64 
LPG (MJ) 714.09 444.24 153.43 82.39 80.18 82.39 
Natural Gas (MJ) 29154.66 18137.48 6264.33 3363.60 3273.36 3363.60 
Nuclear (MJ) 1259.22 783.37 270.56 145.28 141.38 145.28 
Total Primary Energy 
Consumption (MJ)  
363056.28 389082.27 103841.71 51869.92 50253.02 51869.92 
Resources Used             
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 551.32 170.45 76.42 43.19 42.15 43.19 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 1812.11 560.23 251.18 141.95 138.56 141.95 
Crude Oil (L) 19060.33 11517.58 4012.54 2158.76 2101.09 2158.76 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.6 Concrete Seal Joints 
Concrete Seal Joints MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
718.32 404.07 188.57 151.52 151.52 151.52 
Acidification Potential  
(moles of H+ eq) 
396.92 223.27 104.20 83.72 83.72 83.72 
Eutrophication Potential  
(kg N eq) 
0.26 0.15 0.07 0.05 0.05 0.05 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 
eq) 
58.82 33.09 15.44 12.41 12.41 12.41 
Energy Consumption             
Hydro (MJ) 77.23 43.44 20.27 16.29 16.29 16.29 
Coal (MJ) 3033.10 1706.03 796.20 639.79 639.79 639.79 
Diesel (MJ) 146.21 82.24 38.38 30.84 30.84 30.84 
Feedstock (MJ) 44131.62 24822.73 11584.74 9308.90 9308.90 9308.90 
Gasoline (MJ) 22.18 12.47 5.82 4.68 4.68 4.68 
Heavy Fuel Oil (MJ) 1798.54 1011.63 472.13 379.38 379.38 379.38 
LPG (MJ) 28.42 15.98 7.46 5.99 5.99 5.99 
Natural Gas (MJ) 3535.45 1988.60 928.07 745.75 745.75 745.75 
Nuclear (MJ) 8.66 4.87 2.27 1.83 1.83 1.83 
Total Primary Energy 
Consumption (MJ)  
52781.41 29688.01 13855.35 11133.44 11133.44 11133.44 
Resources Used             
Limestone (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Clay & Shale (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Iron Ore (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Sand (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Gypsum (Natural) (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 143.48 80.71 37.67 30.27 30.27 30.27 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 93.63 52.66 24.58 19.75 19.75 19.75 
Crude Oil (L) 51.70 29.09 13.57 10.91 10.91 10.91 
Crude Oil as feedstock 
(L) 
1054.77 593.28 276.88 222.49 222.49 222.49 
 
  
 
127 
 
Concrete Seal Joints TRANSPORTATION 
Environmental Impacts Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
882.32 839.45 839.45 803.60 803.60 803.60 
Acidification Potential  
(moles of H+ eq) 
270.80 257.64 257.64 246.64 246.64 246.64 
Eutrophication Potential  
(kg N eq) 
0.29 0.28 0.28 0.27 0.27 0.27 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 eq) 143.89 136.90 136.90 131.05 131.05 131.05 
Energy Consumption             
Hydro (MJ) 5.08 4.83 4.66 4.63 4.63 4.63 
Coal (MJ) 74.13 70.53 67.97 67.52 67.52 67.52 
Diesel (MJ) 3259.79 2760.47 2418.12 2359.26 2359.26 2359.26 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 244.93 233.03 224.57 223.08 223.08 223.08 
LPG (MJ) 11.09 10.55 10.17 10.10 10.10 10.10 
Natural Gas (MJ) 452.75 430.75 415.12 412.36 412.36 412.36 
Nuclear (MJ) 19.55 18.60 17.93 17.81 17.81 17.81 
Total Primary Energy 
Consumption (MJ)  
4067.32 3528.76 3158.52 3094.74 3094.74 3094.74 
Resources Used             
Limestone (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Clay & Shale (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Iron Ore (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Sand (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Gypsum (Natural) (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 9.80 9.61 9.47 9.44 9.44 9.44 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 32.21 31.59 31.11 31.02 31.02 31.02 
Crude Oil (L) 298.43 284.50 274.57 272.82 272.82 272.82 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.7 Concrete Full Depth Repair 
Concrete Full Depth 
Repair 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
1030151.65 686767.77 686767.77 189153.63 162473.01 129022.68 
Acidification Potential  
(moles of H+ eq) 
281701.63 187801.09 187801.09 51477.90 44216.81 35113.35 
Eutrophication Potential  
(kg N eq) 
237.84 158.56 158.56 43.17 37.08 29.44 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 
eq) 
114784.26 76522.84 76522.84 20829.73 17891.64 14208.07 
Energy Consumption             
Hydro (MJ) 17025.79 11350.52 11350.52 3200.02 2748.65 2182.75 
Coal (MJ) 1231526.87 821017.91 821017.91 233480.92 200547.82 159258.57 
Diesel (MJ) 5983460.85 3988973.90 3988973.90 1136709.25 976373.42 775355.36 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 2974.93 1983.29 1983.29 565.24 485.51 385.55 
Heavy Fuel Oil (MJ) 711482.47 474321.65 474321.65 133520.23 114686.85 91074.85 
LPG (MJ) 10617.57 7078.38 7078.38 1940.67 1666.93 1323.74 
Natural Gas (MJ) 578715.26 385810.17 385810.17 106689.33 91640.52 72773.35 
Nuclear (MJ) 16583.05 11055.37 11055.37 3016.76 2591.24 2057.75 
Total Primary Energy 
Consumption (MJ)  
8552386.79 5701591.19 5701591.19 1619122.42 1390740.94 1104411.93 
Resources Used             
Limestone (kg) 406063.22 270708.82 270708.82 77152.01 66269.52 52625.79 
Clay & Shale (kg) 44786.39 29857.59 29857.59 8509.41 7309.14 5804.32 
Iron Ore (kg) 8957.28 5971.52 5971.52 1701.88 1461.83 1160.86 
Sand (kg) 14928.80 9952.53 9952.53 2836.47 2436.38 1934.77 
Gypsum (Natural) (kg) 23886.07 15924.05 15924.05 4538.35 3898.21 3095.63 
Coarse Aggregate (kg) 1763621.33 1175747.55 1175747.55 335088.05 287823.00 228565.32 
Water (L) 482135.53 321423.69 321423.69 91605.75 78684.52 62484.76 
Coal (kg) 59091.00 39394.00 39394.00 11178.16 9601.46 7624.68 
Uranium (kg) 0.03 0.02 0.02 0.01 0.00 0.00 
Natural Gas (m3) 17827.32 11884.88 11884.88 3221.57 2767.16 2197.45 
Crude Oil (L) 238340.31 158893.54 158893.54 43246.94 37146.84 29498.96 
Crude Oil as feedstock 
(L) 
0.00 0.00 0.00 0.00 0.00 0.00 
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Concrete Full Depth 
Repair 
TRANSPORTATION 
Environmental Impacts Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
63857.14 43286.48 43286.48 13512.99 11909.53 9899.22 
Acidification Potential  
(moles of H+ eq) 
19877.75 13471.30 13471.30 4200.36 3700.76 3074.39 
Eutrophication Potential  
(kg N eq) 
21.61 14.64 14.64 4.57 4.02 3.34 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 eq) 10585.94 7173.90 7173.90 2236.40 1970.29 1636.67 
Energy Consumption             
Hydro (MJ) 367.67 249.23 249.23 77.80 68.57 57.00 
Coal (MJ) 5365.13 3636.83 3636.83 1135.33 1000.61 831.71 
Diesel (MJ) 547446.28 367466.44 367466.44 110088.12 95618.75 77478.05 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 17726.85 12016.39 12016.39 3751.22 3306.10 2748.03 
LPG (MJ) 802.59 544.05 544.05 169.84 149.69 124.42 
Natural Gas (MJ) 32768.04 22212.28 22212.28 6934.13 6111.32 5079.73 
Nuclear (MJ) 1415.70 959.65 959.65 299.57 264.02 219.45 
Total Primary Energy 
Consumption (MJ)  
605892.25 407084.87 407084.87 122456.01 106519.05 86538.38 
Resources Used             
Limestone (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Clay & Shale (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Iron Ore (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Sand (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Gypsum (Natural) (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 397.58 271.77 271.77 87.43 77.94 66.04 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 1306.79 893.27 893.27 287.38 256.19 217.08 
Crude Oil (L) 21357.76 14477.95 14477.95 4518.02 3982.06 3310.12 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.8 Concrete Full Depth Repair 
Concrete Partial 
Depth Repair 
MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
195731.82 130487.88 96664.12 28542.30 24646.05 19571.87 
Acidification Potential  
(moles of H+ eq) 
54687.76 36458.51 26607.90 7739.46 6682.96 5307.06 
Eutrophication Potential  
(kg N eq) 
47.34 31.56 22.68 6.46 5.57 4.43 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 
eq) 
22842.19 15228.13 10944.71 3114.89 2689.68 2135.92 
Energy Consumption             
Hydro (MJ) 2895.66 1930.44 1545.57 491.31 424.24 336.90 
Coal (MJ) 200335.48 133556.99 110375.51 36071.82 31147.73 24734.96 
Diesel (MJ) 962871.22 641914.14 534627.10 175874.41 151866.15 120599.59 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 478.37 318.91 265.76 87.46 75.52 59.97 
Heavy Fuel Oil (MJ) 121884.51 81256.34 64730.85 20476.87 17681.61 14041.28 
LPG (MJ) 2055.60 1370.40 1002.57 291.82 251.98 200.10 
Natural Gas (MJ) 108200.86 72133.91 54002.35 16147.73 13943.44 11072.73 
Nuclear (MJ) 3272.87 2181.92 1575.94 451.99 390.29 309.94 
Total Primary Energy 
Consumption (MJ)  
1401994.57 934663.05 768125.66 249893.40 215780.97 171355.48 
Resources Used             
Limestone (kg) 65294.97 43529.98 36274.98 11938.26 10308.59 8186.23 
Clay & Shale (kg) 7201.65 4801.10 4000.92 1316.72 1136.98 902.89 
Iron Ore (kg) 1440.33 960.22 800.18 263.34 227.40 180.58 
Sand (kg) 2400.55 1600.37 1333.64 438.91 378.99 300.96 
Gypsum (Natural) (kg) 3840.88 2560.59 2133.82 702.25 606.39 481.54 
Coarse Aggregate (kg) 283590.31 189060.21 157550.17 51850.47 44772.47 35554.61 
Water (L) 77527.39 51684.93 43070.77 14174.78 12239.81 9719.85 
Coal (kg) 9775.23 6516.82 5313.44 1724.24 1488.87 1182.34 
Uranium (kg) 0.01 0.01 0.00 0.00 0.00 0.00 
Natural Gas (m3) 3802.07 2534.71 1709.38 480.19 414.64 329.27 
Crude Oil (L) 47488.43 31658.95 22728.86 6466.67 5583.92 4434.29 
Crude Oil as feedstock 
(L) 
0.00 0.00 0.00 0.00 0.00 0.00 
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Concrete Partial Depth 
Repair 
TRANSPORTATION 
Environmental Impacts Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
17036.25 13199.10 7910.18 3864.67 3629.95 3324.25 
Acidification Potential  
(moles of H+ eq) 
5273.59 4080.95 2452.69 1194.34 1121.18 1025.90 
Eutrophication Potential  
(kg N eq) 
5.73 4.44 2.67 1.30 1.22 1.11 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0.00 0.00 0.00 0.00 0.00 
Smog Potential (kg O3 eq) 2805.95 2170.96 1305.37 635.31 596.34 545.59 
Energy Consumption             
Hydro (MJ) 98.09 76.00 45.54 22.25 20.90 19.14 
Coal (MJ) 1431.34 1108.95 664.59 324.70 304.98 279.29 
Diesel (MJ) 101892.34 72940.98 55746.41 23379.09 21212.39 18390.65 
Feedstock (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Gasoline (MJ) 0.00 0.00 0.00 0.00 0.00 0.00 
Heavy Fuel Oil (MJ) 4729.26 3664.06 2195.87 1072.83 1007.67 922.81 
LPG (MJ) 214.12 165.89 99.42 48.57 45.62 41.78 
Natural Gas (MJ) 8742.03 6773.01 4059.06 1983.13 1862.68 1705.81 
Nuclear (MJ) 377.64 292.58 175.35 85.67 80.46 73.68 
Total Primary Energy 
Consumption (MJ)  
117484.82 85021.47 62986.25 26916.24 24534.70 21433.17 
Resources Used             
Limestone (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Clay & Shale (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Iron Ore (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Sand (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Gypsum (Natural) (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Coarse Aggregate (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Water (L) 0.00 0.00 0.00 0.00 0.00 0.00 
Coal (kg) 152.31 123.43 56.99 30.07 28.72 26.96 
Uranium (kg) 0.00 0.00 0.00 0.00 0.00 0.00 
Natural Gas (m3) 500.62 405.71 187.33 98.85 94.40 88.60 
Crude Oil (L) 5749.57 4458.78 2648.03 1292.82 1214.40 1112.27 
Crude Oil as feedstock (L) 0.00 0.00 0.00 0.00 0.00 0.00 
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A.9 Diamond Grinding 
Diamond Grinding MATERIALS & EQUIPMENT 
Environmental 
Impacts 
Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
1189.65 0  0  0 0 0 
Acidification Potential  
(moles of H+ eq) 
368.22 0  0  0 0 0 
Eutrophication Potential  
(kg N eq) 
0.38 0  0  0 0 0 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0  0  0 0 0 
Smog Potential (kg O3 
eq) 
183.21 0  0  0 0 0 
Energy Consumption   0  0  0 0 0 
Hydro (MJ) 6.41 0  0  0 0 0 
Coal (MJ) 93.59 0  0  0 0 0 
Diesel (MJ) 10552.80 0  0  0 0 0 
Feedstock (MJ) 0.00 0  0  0 0 0 
Gasoline (MJ) 0.00 0  0  0 0 0 
Heavy Fuel Oil (MJ) 308.25 0  0  0 0 0 
LPG (MJ) 14.02 0  0  0 0 0 
Natural Gas (MJ) 579.05 0  0  0 0 0 
Nuclear (MJ) 24.68 0  0  0 0 0 
Total Primary Energy 
Consumption (MJ)  
11578.81 0  0  0 0 0 
Resources Used   0  0  0 0 0 
Limestone (kg) 0.00 0  0  0 0 0 
Clay & Shale (kg) 0.00 0  0  0 0 0 
Iron Ore (kg) 0.00 0  0  0 0 0 
Sand (kg) 0.00 0  0  0 0 0 
Gypsum (Natural) (kg) 0.00 0  0  0 0 0 
Coarse Aggregate (kg) 0.00 0  0  0 0 0 
Water (L) 0.00 0  0  0 0 0 
Coal (kg) 5.74 0  0  0 0 0 
Uranium (kg) 0.00 0  0  0 0 0 
Natural Gas (m3) 19.07 0  0  0 0 0 
Crude Oil (L) 378.60 0  0  0 0 0 
Crude Oil as feedstock 
(L) 
0.00 0  0  0 0 0 
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Diamond Grinding TRANSPORTATION 
Environmental Impacts Interstate Freeway 
Principal 
Arterial 
Minor 
Arterial 
Collector Local 
Global Warming Potential  
(kg CO2 eq) 
1676.86 0  0  0 0 0 
Acidification Potential  
(moles of H+ eq) 
514.66 0  0  0 0 0 
Eutrophication Potential  
(kg N eq) 
0.56 0  0  0 0 0 
Ozone Depletion Potential  
(kg CFC-11 eq) 
0.00 0  0  0 0 0 
Smog Potential (kg O3 eq) 273.46 0  0  0 0 0 
Energy Consumption             
Hydro (MJ) 9.65 0  0  0 0 0 
Coal (MJ) 140.88 0  0  0 0 0 
Diesel (MJ) 12304.82 0  0  0 0 0 
Feedstock (MJ) 0.00 0  0  0 0 0 
Gasoline (MJ) 0.00 0  0  0 0 0 
Heavy Fuel Oil (MJ) 465.49 0  0  0 0 0 
LPG (MJ) 21.08 0  0  0 0 0 
Natural Gas (MJ) 860.46 0  0  0 0 0 
Nuclear (MJ) 37.16 0  0  0 0 0 
Total Primary Energy 
Consumption (MJ)  
13839.55 0  0  0 0 0 
Resources Used             
Limestone (kg) 0.00 0  0  0 0 0 
Clay & Shale (kg) 0.00 0  0  0 0 0 
Iron Ore (kg) 0.00 0  0  0 0 0 
Sand (kg) 0.00 0  0  0 0 0 
Gypsum (Natural) (kg) 0.00 0  0  0 0 0 
Coarse Aggregate (kg) 0.00 0  0  0 0 0 
Water (L) 0.00 0  0  0 0 0 
Coal (kg) 9.66 0  0  0 0 0 
Uranium (kg) 0.00 0  0  0 0 0 
Natural Gas (m3) 31.77 0  0  0 0 0 
Crude Oil (L) 549.52 0  0  0 0 0 
Crude Oil as feedstock (L) 0.00 0  0  0 0 0 
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B.1 Legend for Input Files 
B.1.1 Master Control File for INTEGRATION Legend 
Table 19: Sample Master Control File for INTEGRATION adapted from (Rakha, 2014) 
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Table 20: Description of Fields in Master Control File for INTEGRATION adapted from 
(Rakha, 2014) 
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B.1.2 Node Characteristics File Legend 
Table 21: Sample Node File adapted from (Rakha, 2014) 
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Table 22: Description of Fields in Node File adapted from (Rakha, 2014) 
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B.1.3 Link Characteristics File Legend 
Table 23: Sample Link File adapted from (Rakha, 2014) 
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Table 24: Description of Fields in Link File adapted from (Rakha, 2014) 
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B.1.4 Signal Timing Plans File Legend 
Table 25: Sample Signal Timing Plan File adapted from (Rakha, 2014) 
 
 
Table 26: Description of the Fields in the Signal Timing Plan File adapted from (Rakha, 
2014) 
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B.1.5 Master Control File for QueensOD Legend 
Table 27: Sample Master Control Input File for Queens OD adapted from (Rakha, 2010) 
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Table 28: Description of Fields in Master Control File for QueensOD adapted from 
(Rakha, 2010) 
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B.1.6 Observed Link Flow File for QueensOD Legend 
Table 29: Sample Observed Link Flow File for QueensOD adapted from (Rakha, 2010) 
 
 
Table 30: Description of the Fields in the Observed Link Flow File adapted from (Rakha, 
2010) 
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B.1.7 Origin Destination Traffic Demands File for QueensOD Legend 
Table 31: Sample Origin Destination File adapted from (Rakha, 2014) 
 
 
 
Table 32: Description of the Fields in the Origin Destination File adapted from (Rakha, 
2014) 
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B.1.8 Incident or Lane Blockages File Legend 
Table 33: Sample Incident Data File adapted from (Rakha, 2014) 
 
 
Table 34: Description of the Fields in Incident Data File adapted from (Rakha, 2014) 
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B.2 Traffic Simulation model for I-66 Section in Virginia 
 
Figure 21: Snapshot of the I-66 Section used for Model Construction (Google, 2017) 
B.2.1 General Input Files for I-66 Section Model 
B.2.1.1 Master Control File for INTEGRATION 
 
VTS_M14 Master File    
120000 3600 3600 1 0  
VTS_M14\     
VTS_M14\OUTPUT\     
INET1.dat      
INET2.dat      
INET3.dat      
INET4.dat      
INET5.dat      
none      
none      
none      
none      
ONET10.out     
ONET11.out     
ONET12.out     
ONET13.out     
none      
ONET15.out     
ONET16.out     
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B.2.1.2 Node Characteristic File 
 
 130 0.05 0.05   
1 13.4324 24.2304 1 -1 0 
2 20.1453 18.8634 2 -2 0 
3 3.9539 10.9965 2 -3 0 
4 47.2464 9.4727 2 -4 0 
5 47.6067 8.5676 1 -5 0 
6 52.983 8.202 2 -6 0 
7 52.9886 7.8246 2 -7 0 
8 53.2705 5.7527 1 -8 0 
9 12.974 24.7457 2 -9 0 
10 20.3186 18.877 1 -10 0 
11 0.00001 7.7216 1 -11 0 
12 17.4385 48.1899 1 -12 0 
13 17.6959 48.3823 2 -13 0 
14 80.3429 1.7572 1 -14 0 
15 81.5682 2.2197 2 -15 0 
16 22.2136 22.2679 2 -16 0 
17 49.7158 10.3081 1 -17 0 
18 43.841 12.7427 2 -18 0 
39 27.6467 23.3225 4 0 0 
40 25.2615 26.3193 4 0 0 
41 15.0289 22.9874 4 0 0 
42 15.3449 22.7254 4 0 0 
43 29.4356 22.5932 4 0 0 
44 15.7114 22.5752 4 0 0 
45 20.3691 23.2519 4 0 0 
46 19.8599 21.8458 4 0 0 
47 20.9556 22.2722 4 0 0 
48 29.9329 21.7899 4 0 0 
49 28.8419 22.2517 4 0 0 
50 28.7818 22.2064 4 0 0 
51 17.7308 21.4936 4 0 0 
52 17.2112 21.4307 4 0 0 
53 16.9413 20.8829 4 0 0 
54 16.7576 21.6019 4 0 0 
55 18.653 20.0856 4 0 0 
56 18.6683 20.2302 4 0 0 
57 18.0872 19.6113 4 0 0 
58 19.6515 19.4226 4 0 0 
59 19.8384 19.0922 4 0 0 
60 20.1076 19.0738 4 0 0 
61 14.0143 18.6654 4 0 0 
62 15.6113 21.6856 4 0 0 
63 14.3045 18.392 4 0 0 
64 4.9496 11.7654 4 0 0 
65 47.0335 11.579 4 0 0 
66 44.692 13.288 4 0 0 
67 48.8312 9.6846 4 0 0 
68 45.7851 11.5053 4 0 0 
69 47.8974 8.8605 4 0 0 
70 53.3282 7.7408 4 0 0 
71 57.5684 4.9831 4 0 0 
72 71.3961 0.0028 4 0 0 
73 67.9316 0.7285 4 0 0 
74 58.0747 4.7796 4 0 0 
75 25.7107 34.3414 4 0 0 
76 24.8325 36.305 4 0 0 
77 25.9516 34.478 4 0 0 
78 25.0295 36.4854 4 0 0 
80 49.3263 8.4594 4 0 0 
81 15.0969 23.0883 4 0 0 
82 15.4482 22.7824 4 0 0 
 
149 
 
83 15.6606 22.4856 4 0 0 
84 16.7819 21.7244 4 0 0 
85 17.0385 21.3728 4 0 0 
86 19.5922 19.3219 4 0 0 
87 4.2522 10.7676 4 0 0 
88 18.0389 21.176 4 0 0 
89 20.8922 22.46 4 0 0 
90 25.1615 22.9983 4 0 0 
91 25.4339 23.9681 4 0 0 
92 27.5084 22.6766 4 0 0 
93 30.1084 22.2587 4 0 0 
94 44.1468 13.1912 4 0 0 
95 42.8787 14.4829 4 0 0 
96 46.2328 11.745 4 0 0 
97 57.0473 5.6082 4 0 0 
98 56.7417 5.737 4 0 0 
99 24.7404 25.7567 4 0 0 
100 24.7189 26.0451 4 0 0 
101 44.1455 13.8795 4 0 0 
102 43.0979 14.919 4 0 0 
103 44.4027 12.8952 4 0 0 
105 46.1555 11.0999 4 0 0 
106 25.8474 30.8462 4 0 0 
107 25.5341 30.9194 4 0 0 
108 18.5605 46.1298 4 0 0 
109 18.8189 46.2556 4 0 0 
110 20.3162 43.4236 4 0 0 
111 77.5568 0.6275 4 0 0 
112 77.6921 0.2854 4 0 0 
113 61.7795 3.6351 4 0 0 
114 61.8638 3.2145 4 0 0 
115 80.5207 1.4713 4 0 0 
118 52.8738 7.3678 4 0 0 
119 49.8959 8.6676 4 0 0 
121 52.9942 6.8477 4 0 0 
122 41.4868 15.9281 4 0 0 
123 40.6064 16.8147 4 0 0 
124 41.9612 16.1238 4 0 0 
125 40.9227 17.1412 4 0 0 
126 25.8522 32.9334 4 0 0 
127 26.1291 32.9818 4 0 0 
128 33.8077 20.2025 4 0 0 
129 33.6259 20.7772 4 0 0 
131 24.9524 24.2721 4 0 0 
132 22.7185 23.9737 4 0 0 
133 25.0166 24.0287 4 0 0 
134 25.587 22.9711 4 0 0 
135 16.4075 19.9872 4 0 0 
136 17.1798 20.5865 4 0 0 
138 13.7635 17.9957 4 0 0 
139 18.311 20.3472 4 0 0 
140 18.3961 20.4595 4 0 0 
143 13.5426 18.2813 4 0 0 
144 16.0832 20.2157 4 0 0 
149 5.9348 12.0457 4 0 0 
150 7.9527 13.5396 4 0 0 
151 5.6623 12.2972 4 0 0 
152 15.5849 22.318 4 0 0 
153 23.4028 22.8289 4 0 0 
154 20.1201 43.1877 4 0 0 
155 54.5798 7.0042 4 0 0 
156 32.2731 21.335 4 0 0 
158 48.6251 9.5372 4 0 0 
159 49.3036 10.0134 4 0 0 
160 53.5996 7.5782 4 0 0 
161 43.6352 13.1727 4 0 0 
 
150 
 
162 48.2826 9.2214 4 0 0 
163 8.6737 14.0937 4 0 0 
164 19.6212 44.1132 4 0 0 
      
 
  
 
151 
 
B.2.1.3 Link Characteristic File 
140 1 1 1 1 1               
1 39 40 0.403359 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
2 1 41 0.202349 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
3 41 42 0.041049 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
5 45 44 0.486319 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
6 46 47 0.117577 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
7 49 48 0.118474 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
8 50 48 0.12248 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
9 45 51 0.317793 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
10 52 51 0.325166 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
11 53 54 0.285415 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
13 57 56 0.090669 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
14 58 46 0.298602 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
15 58 56 0.127231 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
16 57 59 0.187717 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
17 60 58 0.057417 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
18 59 2 0.038279 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
19 62 61 0.350981 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
20 63 57 0.411376 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
21 64 3 0.125803 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
22 65 66 0.290603 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
23 67 65 0.261419 105 1950 1 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
24 68 4 0.250798 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
25 5 69 0.04127 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
26 70 6 0.058182 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
27 70 7 0.03508 55 1800 2 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
28 8 71 0.444859 55 1800 2 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
29 73 72 0.356993 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
30 71 74 0.054565 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
31 76 75 0.216383 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
32 77 78 0.222334 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
33 80 121 0.401086 105 1700 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
34 81 9 0.269337 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
35 44 82 0.033497 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
36 82 81 0.046584 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
37 83 54 0.140863 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
38 42 83 0.039644 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
39 84 44 0.136737 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
40 52 84 0.05201 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
41 54 85 0.036249 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
42 86 59 0.033666 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
43 55 86 0.121053 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
44 10 60 0.028857 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
45 11 87 0.523189 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
46 88 89 0.313714 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
47 89 90 0.432138 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
48 39 91 0.230971 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
49 92 49 0.139961 105 2500 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
51 95 94 0.181017 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
52 96 66 0.218058 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
53 97 98 0.033161 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
54 100 99 0.028915 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
57 103 68 0.196031 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
58 94 103 0.039137 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
60 68 105 0.054944 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
61 40 106 0.457812 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
62 107 100 0.495042 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
63 12 108 0.234645 80 1950 3 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
64 109 13 0.240509 80 1950 3 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
65 110 109 0.320348 80 1950 3 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
67 72 112 0.630368 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
69 114 73 0.655733 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
70 74 114 0.409967 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
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71 112 115 0.309065 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
72 115 15 0.128765 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
73 105 80 0.414657 105 1700 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
78 121 71 0.494001 105 1700 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
81 123 122 0.12495 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
82 122 95 0.20065 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
87 126 107 0.204161 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
88 75 126 0.142004 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
89 106 127 0.215517 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
90 127 77 0.151471 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
91 128 123 0.763434 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
92 48 128 0.418939 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
95 131 50 0.483334 105 2500 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
96 99 131 0.150181 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
97 132 45 0.246722 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
98 133 132 0.230535 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
99 91 133 0.042166 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
100 134 92 0.194658 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
101 90 134 0.042635 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
102 47 16 0.130978 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
103 63 135 0.26395 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
104 135 136 0.097759 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
105 136 88 0.104259 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
106 138 63 0.067055 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
107 85 139 0.163563 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
108 139 55 0.043062 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
109 56 140 0.035589 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
112 140 52 0.153616 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
114 61 143 0.060836 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
115 144 61 0.258547 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
116 62 46 0.634618 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
119 53 144 0.108695 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
120 51 53 0.099816 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
123 87 149 0.211305 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
124 149 150 0.25107 105 1500 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
125 143 151 0.989504 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
126 151 64 0.088922 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
127 152 62 0.064113 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
128 42 152 0.047285 105 1950 1 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
129 47 153 0.251886 55 1800 2 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
130 153 90 0.176681 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
131 154 76 0.836837 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
132 97 155 0.283624 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
136 158 67 0.03 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
137 67 159 0.057561 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
138 159 17 0.050668 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
139 155 160 0.113596 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
140 160 70 0.031633 55 1800 2 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
141 161 18 0.047671 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
142 95 161 0.151514 55 1800 1 0.1 45 160 0 0 0 0 0 0 0 0 0 11111 
143 69 162 0.052784 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
144 162 158 0.046718 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
145 150 163 0.090936 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
146 163 138 0.641345 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
147 164 154 0.105148 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
148 108 164 0.227867 80 1950 3 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
149 78 110 0.841739 80 1950 2 0.1 70 160 0 0 0 0 0 0 0 0 0 11111 
151 69 5 0.04127 105 1950 3 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
152 158 162 0.046718 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
153 67 158 0.025334 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
154 159 67 0.057561 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
155 17 159 0.050668 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
156 162 69 0.052784 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
4 43 39 0.193221 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
50 93 43 0.075137 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
55 66 101 0.080559 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
 
153 
 
75 98 118 0.419773 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
76 118 119 0.32505 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
77 119 96 0.481472 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
56 101 102 0.147578 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
66 14 111 0.303171 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
68 113 97 0.512712 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
83 102 124 0.165651 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
84 124 125 0.145386 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
86 111 113 1.642099 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
93 125 129 0.818966 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
133 129 156 0.146324 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
134 156 93 0.235361 105 1950 2 0.1 90 160 0 0 0 0 0 0 0 0 0 11111 
 
  
B.2.1.4 Signal Timing Plan File 
INET Signal Timing Plan File 
 0 0 60  
 1    
 
B.2.1.5 Master Control File for QueensOD 
 
QOD Master File - QNET Network 
 11 1000 0.01   
 1 20 0.1   
 0 0 0   
I66WB\      
I66WB\output\     
qnet1.dat      
qnet2.dat      
qnet3.dat      
none      
qnet5.dat      
qnet6.dat      
none      
none      
none      
qod10.out      
qod11.out      
qod12.out      
qod13.out      
qod14.out      
qod15.out      
qod16.out      
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B.2.2 Input Files Specific to a Normal Weekday Traffic on I-66 Section 
B.2.2.1 Observed Link Flow Files for Every Hour on a Week Day on I-66  
 
Table 35: Observed Link Flow Files from Hour 00:00 to Hour 04:00 on a Week Day 
 
Observed Link Flow at Hour 01:00  Observed Link Flow at Hour 02:00  Observed Link Flow at Hour 03:00  Observed Link Flow at Hour 04:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 438 1950 18.2 20.7  1 285 1950 18.2 20.7  1 216 1950 18.2 20.7  1 189 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 963.6 1950 6.6 7.7  4 627 1950 6.6 7.7  4 475.2 1950 6.6 7.7  4 415.8 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 554.8 1950 10.9 12.7  9 361 1950 10.9 12.7  9 273.6 1950 10.9 12.7  9 239.4 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 438 1950 10 11.4  32 285 1950 10 11.4  32 216 1950 10 11.4  32 189 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 554.8 1950 7.9 9.2  48 361 1950 7.9 9.2  48 273.6 1950 7.9 9.2  48 239.4 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 963.6 1950 2.6 3  50 627 1950 2.6 3  50 475.2 1950 2.6 3  50 415.8 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 963.6 1950 7.5 8.7  52 627 1950 7.5 8.7  52 475.2 1950 7.5 8.7  52 415.8 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
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55 963.6 1950 2.8 3.2  55 627 1950 2.8 3.2  55 475.2 1950 2.8 3.2  55 415.8 1950 2.8 3.2 
56 963.6 1950 5.1 5.9  56 627 1950 5.1 5.9  56 475.2 1950 5.1 5.9  56 415.8 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 438 1950 20.6 23.5  61 285 1950 20.6 23.5  61 216 1950 20.6 23.5  61 189 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 438 1950 10.8 12.4  64 285 1950 10.8 12.4  64 216 1950 10.8 12.4  64 189 1950 10.8 12.4 
65 438 1950 14.4 16.5  65 285 1950 14.4 16.5  65 216 1950 14.4 16.5  65 189 1950 14.4 16.5 
66 803 1950 10.4 12.1  66 522.5 1950 10.4 12.1  66 396 1950 10.4 12.1  66 346.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 803 1950 17.6 20.5  68 522.5 1950 17.6 20.5  68 396 1950 17.6 20.5  68 346.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 803 1950 14.4 16.8  75 522.5 1950 14.4 16.8  75 396 1950 14.4 16.8  75 346.5 1950 14.4 16.8 
76 788.4 1950 11.1 13  76 513 1950 11.1 13  76 388.8 1950 11.1 13  76 340.2 1950 11.1 13 
77 963.6 1950 16.5 19.3  77 627 1950 16.5 19.3  77 475.2 1950 16.5 19.3  77 415.8 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 963.6 1950 5.7 6.6  83 627 1950 5.7 6.6  83 475.2 1950 5.7 6.6  83 415.8 1950 5.7 6.6 
84 963.6 1950 5 5.8  84 627 1950 5 5.8  84 475.2 1950 5 5.8  84 415.8 1950 5 5.8 
86 803 1950 56.3 65.7  86 522.5 1950 56.3 65.7  86 396 1950 56.3 65.7  86 346.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 438 1950 9.7 11.1  89 285 1950 9.7 11.1  89 216 1950 9.7 11.1  89 189 1950 9.7 11.1 
90 438 1950 6.8 7.8  90 285 1950 6.8 7.8  90 216 1950 6.8 7.8  90 189 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 963.6 1950 28.1 32.8  93 627 1950 28.1 32.8  93 475.2 1950 28.1 32.8  93 415.8 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 554.8 1950 8.5 9.9  97 361 1950 8.5 9.9  97 273.6 1950 8.5 9.9  97 239.4 1950 8.5 9.9 
98 554.8 1950 7.9 9.2  98 361 1950 7.9 9.2  98 273.6 1950 7.9 9.2  98 239.4 1950 7.9 9.2 
99 554.8 1950 1.4 1.7  99 361 1950 1.4 1.7  99 273.6 1950 1.4 1.7  99 239.4 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 554.8 1950 8.9 10.3  115 361 1950 8.9 10.3  115 273.6 1950 8.9 10.3  115 239.4 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 554.8 1950 3.7 4.3  119 361 1950 3.7 4.3  119 273.6 1950 3.7 4.3  119 239.4 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 963.6 1950 5 5.9  133 627 1950 5 5.9  133 475.2 1950 5 5.9  133 415.8 1950 5 5.9 
 
156 
 
134 963.6 1950 8.1 9.4  134 627 1950 8.1 9.4  134 475.2 1950 8.1 9.4  134 415.8 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 438 1950 37.9 43.3  149 285 1950 37.9 43.3  149 216 1950 37.9 43.3  149 189 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 36: Observed Link Flow Files from Hour 05:00 to Hour 08:00 on a Week Day 
 
Observed Link Flow at Hour 05:00  Observed Link Flow at Hour 06:00  Observed Link Flow at Hour 07:00  Observed Link Flow at Hour 08:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 258 1950 18.2 20.7  1 756 1950 18.2 20.7  1 1308 1950 18.2 20.7  1 1569 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 567.6 1950 6.6 7.7  4 1663.2 1950 6.6 7.7  4 2877.6 1950 6.6 7.7  4 3451.8 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 326.8 1950 10.9 12.7  9 957.6 1950 10.9 12.7  9 1656.8 1950 10.9 12.7  9 1987.4 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 258 1950 10 11.4  32 756 1950 10 11.4  32 1308 1950 10 11.4  32 1569 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
 
157 
 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 326.8 1950 7.9 9.2  48 957.6 1950 7.9 9.2  48 1656.8 1950 7.9 9.2  48 1987.4 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 567.6 1950 2.6 3  50 1663.2 1950 2.6 3  50 2877.6 1950 2.6 3  50 3451.8 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 567.6 1950 7.5 8.7  52 1663.2 1950 7.5 8.7  52 2877.6 1950 7.5 8.7  52 3451.8 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 567.6 1950 2.8 3.2  55 1663.2 1950 2.8 3.2  55 2877.6 1950 2.8 3.2  55 3451.8 1950 2.8 3.2 
56 567.6 1950 5.1 5.9  56 1663.2 1950 5.1 5.9  56 2877.6 1950 5.1 5.9  56 3451.8 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 258 1950 20.6 23.5  61 756 1950 20.6 23.5  61 1308 1950 20.6 23.5  61 1569 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 258 1950 10.8 12.4  64 756 1950 10.8 12.4  64 1308 1950 10.8 12.4  64 1569 1950 10.8 12.4 
65 258 1950 14.4 16.5  65 756 1950 14.4 16.5  65 1308 1950 14.4 16.5  65 1569 1950 14.4 16.5 
66 473 1950 10.4 12.1  66 1386 1950 10.4 12.1  66 2398 1950 10.4 12.1  66 2876.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 473 1950 17.6 20.5  68 1386 1950 17.6 20.5  68 2398 1950 17.6 20.5  68 2876.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 473 1950 14.4 16.8  75 1386 1950 14.4 16.8  75 2398 1950 14.4 16.8  75 2876.5 1950 14.4 16.8 
76 464.4 1950 11.1 13  76 1360.8 1950 11.1 13  76 2354.4 1950 11.1 13  76 2824.2 1950 11.1 13 
77 567.6 1950 16.5 19.3  77 1663.2 1950 16.5 19.3  77 2877.6 1950 16.5 19.3  77 3451.8 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 567.6 1950 5.7 6.6  83 1663.2 1950 5.7 6.6  83 2877.6 1950 5.7 6.6  83 3451.8 1950 5.7 6.6 
84 567.6 1950 5 5.8  84 1663.2 1950 5 5.8  84 2877.6 1950 5 5.8  84 3451.8 1950 5 5.8 
86 473 1950 56.3 65.7  86 1386 1950 56.3 65.7  86 2398 1950 56.3 65.7  86 2876.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 258 1950 9.7 11.1  89 756 1950 9.7 11.1  89 1308 1950 9.7 11.1  89 1569 1950 9.7 11.1 
90 258 1950 6.8 7.8  90 756 1950 6.8 7.8  90 1308 1950 6.8 7.8  90 1569 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 567.6 1950 28.1 32.8  93 1663.2 1950 28.1 32.8  93 2877.6 1950 28.1 32.8  93 3451.8 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 326.8 1950 8.5 9.9  97 957.6 1950 8.5 9.9  97 1656.8 1950 8.5 9.9  97 1987.4 1950 8.5 9.9 
98 326.8 1950 7.9 9.2  98 957.6 1950 7.9 9.2  98 1656.8 1950 7.9 9.2  98 1987.4 1950 7.9 9.2 
99 326.8 1950 1.4 1.7  99 957.6 1950 1.4 1.7  99 1656.8 1950 1.4 1.7  99 1987.4 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
 
158 
 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 326.8 1950 8.9 10.3  115 957.6 1950 8.9 10.3  115 1656.8 1950 8.9 10.3  115 1987.4 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 326.8 1950 3.7 4.3  119 957.6 1950 3.7 4.3  119 1656.8 1950 3.7 4.3  119 1987.4 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 567.6 1950 5 5.9  133 1663.2 1950 5 5.9  133 2877.6 1950 5 5.9  133 3451.8 1950 5 5.9 
134 567.6 1950 8.1 9.4  134 1663.2 1950 8.1 9.4  134 2877.6 1950 8.1 9.4  134 3451.8 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 258 1950 37.9 43.3  149 756 1950 37.9 43.3  149 1308 1950 37.9 43.3  149 1569 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 37: Observed Link Flow Files from Hour 09:00 to Hour 12:00 on a Week Day 
 
Observed Link Flow at Hour 09:00  Observed Link Flow at Hour 10:00  Observed Link Flow at Hour 11:00  Observed Link Flow at Hour 12:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 1566 1950 18.2 20.7  1 1455 1950 18.2 20.7  1 1335 1950 18.2 20.7  1 1389 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 3445.2 1950 6.6 7.7  4 3201 1950 6.6 7.7  4 2937 1950 6.6 7.7  4 3055.8 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 1983.6 1950 10.9 12.7  9 1843 1950 10.9 12.7  9 1691 1950 10.9 12.7  9 1759.4 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
 
159 
 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 1566 1950 10 11.4  32 1455 1950 10 11.4  32 1335 1950 10 11.4  32 1389 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 1983.6 1950 7.9 9.2  48 1843 1950 7.9 9.2  48 1691 1950 7.9 9.2  48 1759.4 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 3445.2 1950 2.6 3  50 3201 1950 2.6 3  50 2937 1950 2.6 3  50 3055.8 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 3445.2 1950 7.5 8.7  52 3201 1950 7.5 8.7  52 2937 1950 7.5 8.7  52 3055.8 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 3445.2 1950 2.8 3.2  55 3201 1950 2.8 3.2  55 2937 1950 2.8 3.2  55 3055.8 1950 2.8 3.2 
56 3445.2 1950 5.1 5.9  56 3201 1950 5.1 5.9  56 2937 1950 5.1 5.9  56 3055.8 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 1566 1950 20.6 23.5  61 1455 1950 20.6 23.5  61 1335 1950 20.6 23.5  61 1389 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 1566 1950 10.8 12.4  64 1455 1950 10.8 12.4  64 1335 1950 10.8 12.4  64 1389 1950 10.8 12.4 
65 1566 1950 14.4 16.5  65 1455 1950 14.4 16.5  65 1335 1950 14.4 16.5  65 1389 1950 14.4 16.5 
66 2871 1950 10.4 12.1  66 2667.5 1950 10.4 12.1  66 2447.5 1950 10.4 12.1  66 2546.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 2871 1950 17.6 20.5  68 2667.5 1950 17.6 20.5  68 2447.5 1950 17.6 20.5  68 2546.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 2871 1950 14.4 16.8  75 2667.5 1950 14.4 16.8  75 2447.5 1950 14.4 16.8  75 2546.5 1950 14.4 16.8 
76 2818.8 1950 11.1 13  76 2619 1950 11.1 13  76 2403 1950 11.1 13  76 2500.2 1950 11.1 13 
77 3445.2 1950 16.5 19.3  77 3201 1950 16.5 19.3  77 2937 1950 16.5 19.3  77 3055.8 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 3445.2 1950 5.7 6.6  83 3201 1950 5.7 6.6  83 2937 1950 5.7 6.6  83 3055.8 1950 5.7 6.6 
84 3445.2 1950 5 5.8  84 3201 1950 5 5.8  84 2937 1950 5 5.8  84 3055.8 1950 5 5.8 
86 2871 1950 56.3 65.7  86 2667.5 1950 56.3 65.7  86 2447.5 1950 56.3 65.7  86 2546.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 1566 1950 9.7 11.1  89 1455 1950 9.7 11.1  89 1335 1950 9.7 11.1  89 1389 1950 9.7 11.1 
90 1566 1950 6.8 7.8  90 1455 1950 6.8 7.8  90 1335 1950 6.8 7.8  90 1389 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
 
160 
 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 3445.2 1950 28.1 32.8  93 3201 1950 28.1 32.8  93 2937 1950 28.1 32.8  93 3055.8 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 1983.6 1950 8.5 9.9  97 1843 1950 8.5 9.9  97 1691 1950 8.5 9.9  97 1759.4 1950 8.5 9.9 
98 1983.6 1950 7.9 9.2  98 1843 1950 7.9 9.2  98 1691 1950 7.9 9.2  98 1759.4 1950 7.9 9.2 
99 1983.6 1950 1.4 1.7  99 1843 1950 1.4 1.7  99 1691 1950 1.4 1.7  99 1759.4 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 1983.6 1950 8.9 10.3  115 1843 1950 8.9 10.3  115 1691 1950 8.9 10.3  115 1759.4 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 1983.6 1950 3.7 4.3  119 1843 1950 3.7 4.3  119 1691 1950 3.7 4.3  119 1759.4 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 3445.2 1950 5 5.9  133 3201 1950 5 5.9  133 2937 1950 5 5.9  133 3055.8 1950 5 5.9 
134 3445.2 1950 8.1 9.4  134 3201 1950 8.1 9.4  134 2937 1950 8.1 9.4  134 3055.8 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 1566 1950 37.9 43.3  149 1455 1950 37.9 43.3  149 1335 1950 37.9 43.3  149 1389 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 38: Observed Link Flow Files from Hour 13:00 to Hour 16:00 on a Week Day 
 
Observed Link Flow at Hour 13:00  Observed Link Flow at Hour 14:00  Observed Link Flow at Hour 15:00  Observed Link Flow at Hour 16:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 1563 1950 18.2 20.7  1 1644 1950 18.2 20.7  1 1845 1950 18.2 20.7  1 2055 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
 
161 
 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 3438.6 1950 6.6 7.7  4 3616.8 1950 6.6 7.7  4 4059 1950 6.6 7.7  4 4521 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 1979.8 1950 10.9 12.7  9 2082.4 1950 10.9 12.7  9 2337 1950 10.9 12.7  9 2603 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 1563 1950 10 11.4  32 1644 1950 10 11.4  32 1845 1950 10 11.4  32 2055 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 1979.8 1950 7.9 9.2  48 2082.4 1950 7.9 9.2  48 2337 1950 7.9 9.2  48 2603 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 3438.6 1950 2.6 3  50 3616.8 1950 2.6 3  50 4059 1950 2.6 3  50 4521 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 3438.6 1950 7.5 8.7  52 3616.8 1950 7.5 8.7  52 4059 1950 7.5 8.7  52 4521 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 3438.6 1950 2.8 3.2  55 3616.8 1950 2.8 3.2  55 4059 1950 2.8 3.2  55 4521 1950 2.8 3.2 
56 3438.6 1950 5.1 5.9  56 3616.8 1950 5.1 5.9  56 4059 1950 5.1 5.9  56 4521 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 1563 1950 20.6 23.5  61 1644 1950 20.6 23.5  61 1845 1950 20.6 23.5  61 2055 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 1563 1950 10.8 12.4  64 1644 1950 10.8 12.4  64 1845 1950 10.8 12.4  64 2055 1950 10.8 12.4 
65 1563 1950 14.4 16.5  65 1644 1950 14.4 16.5  65 1845 1950 14.4 16.5  65 2055 1950 14.4 16.5 
66 2865.5 1950 10.4 12.1  66 3014 1950 10.4 12.1  66 3382.5 1950 10.4 12.1  66 3767.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 2865.5 1950 17.6 20.5  68 3014 1950 17.6 20.5  68 3382.5 1950 17.6 20.5  68 3767.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
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71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 2865.5 1950 14.4 16.8  75 3014 1950 14.4 16.8  75 3382.5 1950 14.4 16.8  75 3767.5 1950 14.4 16.8 
76 2813.4 1950 11.1 13  76 2959.2 1950 11.1 13  76 3321 1950 11.1 13  76 3699 1950 11.1 13 
77 3438.6 1950 16.5 19.3  77 3616.8 1950 16.5 19.3  77 4059 1950 16.5 19.3  77 4521 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 3438.6 1950 5.7 6.6  83 3616.8 1950 5.7 6.6  83 4059 1950 5.7 6.6  83 4521 1950 5.7 6.6 
84 3438.6 1950 5 5.8  84 3616.8 1950 5 5.8  84 4059 1950 5 5.8  84 4521 1950 5 5.8 
86 2865.5 1950 56.3 65.7  86 3014 1950 56.3 65.7  86 3382.5 1950 56.3 65.7  86 3767.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 1563 1950 9.7 11.1  89 1644 1950 9.7 11.1  89 1845 1950 9.7 11.1  89 2055 1950 9.7 11.1 
90 1563 1950 6.8 7.8  90 1644 1950 6.8 7.8  90 1845 1950 6.8 7.8  90 2055 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 3438.6 1950 28.1 32.8  93 3616.8 1950 28.1 32.8  93 4059 1950 28.1 32.8  93 4521 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 1979.8 1950 8.5 9.9  97 2082.4 1950 8.5 9.9  97 2337 1950 8.5 9.9  97 2603 1950 8.5 9.9 
98 1979.8 1950 7.9 9.2  98 2082.4 1950 7.9 9.2  98 2337 1950 7.9 9.2  98 2603 1950 7.9 9.2 
99 1979.8 1950 1.4 1.7  99 2082.4 1950 1.4 1.7  99 2337 1950 1.4 1.7  99 2603 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 1979.8 1950 8.9 10.3  115 2082.4 1950 8.9 10.3  115 2337 1950 8.9 10.3  115 2603 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 1979.8 1950 3.7 4.3  119 2082.4 1950 3.7 4.3  119 2337 1950 3.7 4.3  119 2603 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 3438.6 1950 5 5.9  133 3616.8 1950 5 5.9  133 4059 1950 5 5.9  133 4521 1950 5 5.9 
134 3438.6 1950 8.1 9.4  134 3616.8 1950 8.1 9.4  134 4059 1950 8.1 9.4  134 4521 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 1563 1950 37.9 43.3  149 1644 1950 37.9 43.3  149 1845 1950 37.9 43.3  149 2055 1950 37.9 43.3 
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151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 39: Observed Link Flow Files from Hour 17:00 to Hour 20:00 on a Week Day 
 
Observed Link Flow at Hour 17:00  Observed Link Flow at Hour 18:00  Observed Link Flow at Hour 19:00  Observed Link Flow at Hour 20:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 1998 1950 18.2 20.7  1 1968 1950 18.2 20.7  1 1890 1950 18.2 20.7  1 1830 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 4395.6 1950 6.6 7.7  4 4329.6 1950 6.6 7.7  4 4158 1950 6.6 7.7  4 4026 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 2530.8 1950 10.9 12.7  9 2492.8 1950 10.9 12.7  9 2394 1950 10.9 12.7  9 2318 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 1998 1950 10 11.4  32 1968 1950 10 11.4  32 1890 1950 10 11.4  32 1830 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 2530.8 1950 7.9 9.2  48 2492.8 1950 7.9 9.2  48 2394 1950 7.9 9.2  48 2318 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 4395.6 1950 2.6 3  50 4329.6 1950 2.6 3  50 4158 1950 2.6 3  50 4026 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 4395.6 1950 7.5 8.7  52 4329.6 1950 7.5 8.7  52 4158 1950 7.5 8.7  52 4026 1950 7.5 8.7 
 
164 
 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 4395.6 1950 2.8 3.2  55 4329.6 1950 2.8 3.2  55 4158 1950 2.8 3.2  55 4026 1950 2.8 3.2 
56 4395.6 1950 5.1 5.9  56 4329.6 1950 5.1 5.9  56 4158 1950 5.1 5.9  56 4026 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 1998 1950 20.6 23.5  61 1968 1950 20.6 23.5  61 1890 1950 20.6 23.5  61 1830 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 1998 1950 10.8 12.4  64 1968 1950 10.8 12.4  64 1890 1950 10.8 12.4  64 1830 1950 10.8 12.4 
65 1998 1950 14.4 16.5  65 1968 1950 14.4 16.5  65 1890 1950 14.4 16.5  65 1830 1950 14.4 16.5 
66 3663 1950 10.4 12.1  66 3608 1950 10.4 12.1  66 3465 1950 10.4 12.1  66 3355 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 3663 1950 17.6 20.5  68 3608 1950 17.6 20.5  68 3465 1950 17.6 20.5  68 3355 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 3663 1950 14.4 16.8  75 3608 1950 14.4 16.8  75 3465 1950 14.4 16.8  75 3355 1950 14.4 16.8 
76 3596.4 1950 11.1 13  76 3542.4 1950 11.1 13  76 3402 1950 11.1 13  76 3294 1950 11.1 13 
77 4395.6 1950 16.5 19.3  77 4329.6 1950 16.5 19.3  77 4158 1950 16.5 19.3  77 4026 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 4395.6 1950 5.7 6.6  83 4329.6 1950 5.7 6.6  83 4158 1950 5.7 6.6  83 4026 1950 5.7 6.6 
84 4395.6 1950 5 5.8  84 4329.6 1950 5 5.8  84 4158 1950 5 5.8  84 4026 1950 5 5.8 
86 3663 1950 56.3 65.7  86 3608 1950 56.3 65.7  86 3465 1950 56.3 65.7  86 3355 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 1998 1950 9.7 11.1  89 1968 1950 9.7 11.1  89 1890 1950 9.7 11.1  89 1830 1950 9.7 11.1 
90 1998 1950 6.8 7.8  90 1968 1950 6.8 7.8  90 1890 1950 6.8 7.8  90 1830 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 4395.6 1950 28.1 32.8  93 4329.6 1950 28.1 32.8  93 4158 1950 28.1 32.8  93 4026 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 2530.8 1950 8.5 9.9  97 2492.8 1950 8.5 9.9  97 2394 1950 8.5 9.9  97 2318 1950 8.5 9.9 
98 2530.8 1950 7.9 9.2  98 2492.8 1950 7.9 9.2  98 2394 1950 7.9 9.2  98 2318 1950 7.9 9.2 
99 2530.8 1950 1.4 1.7  99 2492.8 1950 1.4 1.7  99 2394 1950 1.4 1.7  99 2318 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 2530.8 1950 8.9 10.3  115 2492.8 1950 8.9 10.3  115 2394 1950 8.9 10.3  115 2318 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 2530.8 1950 3.7 4.3  119 2492.8 1950 3.7 4.3  119 2394 1950 3.7 4.3  119 2318 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
 
165 
 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 4395.6 1950 5 5.9  133 4329.6 1950 5 5.9  133 4158 1950 5 5.9  133 4026 1950 5 5.9 
134 4395.6 1950 8.1 9.4  134 4329.6 1950 8.1 9.4  134 4158 1950 8.1 9.4  134 4026 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 1998 1950 37.9 43.3  149 1968 1950 37.9 43.3  149 1890 1950 37.9 43.3  149 1830 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 40: Observed Link Flow Files from Hour 21:00 to Hour 24:00 on a Week Day 
 
Observed Link Flow at Hour 21:00  Observed Link Flow at Hour 22:00  Observed Link Flow at Hour 23:00   Observed Link Flow at Hour 24:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156     1 3600 140 156   
3600 1      3600 1      3600 1       3600 1     
1 1473 1950 18.2 20.7  1 1251 1950 18.2 20.7  1 1014 1950 18.2 20.7   1 708 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1   2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6   3 1 1950 1.4 1.6 
4 3240.6 1950 6.6 7.7  4 2752.2 1950 6.6 7.7  4 2230.8 1950 6.6 7.7   4 1557.6 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9   5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7   6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7   7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9   8 1 1950 4.2 4.9 
9 1865.8 1950 10.9 12.7  9 1584.6 1950 10.9 12.7  9 1284.4 1950 10.9 12.7   9 896.8 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26   10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8   11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3   13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9   14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1   15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15   16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3   17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5   18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1   19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9   20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5   21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2   22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5   23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1   24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7   25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7   26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8   27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6   28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3   29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2   30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1   31 1 1950 9.7 11.1 
32 1473 1950 10 11.4  32 1251 1950 10 11.4  32 1014 1950 10 11.4   32 708 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16   33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8   34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3   35 1 1950 1.1 1.3 
 
166 
 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9   36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6   37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6   38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5   39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1   40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4   41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3   42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8   43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2   44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9   45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5   46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3   47 1 1950 14.8 17.3 
48 1865.8 1950 7.9 9.2  48 1584.6 1950 7.9 9.2  48 1284.4 1950 7.9 9.2   48 896.8 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6   49 1 2500 4.8 5.6 
50 3240.6 1950 2.6 3  50 2752.2 1950 2.6 3  50 2230.8 1950 2.6 3   50 1557.6 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2   51 1 1950 6.2 7.2 
52 3240.6 1950 7.5 8.7  52 2752.2 1950 7.5 8.7  52 2230.8 1950 7.5 8.7   52 1557.6 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3   53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5   54 1 1950 1.3 1.5 
55 3240.6 1950 2.8 3.2  55 2752.2 1950 2.8 3.2  55 2230.8 1950 2.8 3.2   55 1557.6 1950 2.8 3.2 
56 3240.6 1950 5.1 5.9  56 2752.2 1950 5.1 5.9  56 2230.8 1950 5.1 5.9   56 1557.6 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8   57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6   58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2   60 1 1950 1.9 2.2 
61 1473 1950 20.6 23.5  61 1251 1950 20.6 23.5  61 1014 1950 20.6 23.5   61 708 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5   62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1   63 1 1950 10.6 12.1 
64 1473 1950 10.8 12.4  64 1251 1950 10.8 12.4  64 1014 1950 10.8 12.4   64 708 1950 10.8 12.4 
65 1473 1950 14.4 16.5  65 1251 1950 14.4 16.5  65 1014 1950 14.4 16.5   65 708 1950 14.4 16.5 
66 2700.5 1950 10.4 12.1  66 2293.5 1950 10.4 12.1  66 1859 1950 10.4 12.1   66 1298 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2   67 1 1950 21.6 25.2 
68 2700.5 1950 17.6 20.5  68 2293.5 1950 17.6 20.5  68 1859 1950 17.6 20.5   68 1298 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2   69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4   70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4   71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2   72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6   73 1 1700 14.2 16.6 
75 2700.5 1950 14.4 16.8  75 2293.5 1950 14.4 16.8  75 1859 1950 14.4 16.8   75 1298 1950 14.4 16.8 
76 2651.4 1950 11.1 13  76 2251.8 1950 11.1 13  76 1825.2 1950 11.1 13   76 1274.4 1950 11.1 13 
77 3240.6 1950 16.5 19.3  77 2752.2 1950 16.5 19.3  77 2230.8 1950 16.5 19.3   77 1557.6 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8   78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5   81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8   82 1 1950 6.9 8 
83 3240.6 1950 5.7 6.6  83 2752.2 1950 5.7 6.6  83 2230.8 1950 5.7 6.6   83 1557.6 1950 5.7 6.6 
84 3240.6 1950 5 5.8  84 2752.2 1950 5 5.8  84 2230.8 1950 5 5.8   84 1557.6 1950 5 5.8 
86 2700.5 1950 56.3 65.7  86 2293.5 1950 56.3 65.7  86 1859 1950 56.3 65.7   86 1298 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5   87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3   88 1 1950 6.4 7.3 
89 1473 1950 9.7 11.1  89 1251 1950 9.7 11.1  89 1014 1950 9.7 11.1   89 708 1950 9.7 11.1 
90 1473 1950 6.8 7.8  90 1251 1950 6.8 7.8  90 1014 1950 6.8 7.8   90 708 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5   91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8   92 1 1950 14.4 16.8 
93 3240.6 1950 28.1 32.8  93 2752.2 1950 28.1 32.8  93 2230.8 1950 28.1 32.8   93 1557.6 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3   95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6   96 1 1950 5.1 6 
97 1865.8 1950 8.5 9.9  97 1584.6 1950 8.5 9.9  97 1284.4 1950 8.5 9.9   97 896.8 1950 8.5 9.9 
98 1865.8 1950 7.9 9.2  98 1584.6 1950 7.9 9.2  98 1284.4 1950 7.9 9.2   98 896.8 1950 7.9 9.2 
99 1865.8 1950 1.4 1.7  99 1584.6 1950 1.4 1.7  99 1284.4 1950 1.4 1.7   99 896.8 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8   100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7   101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5   102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6   103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9   104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2   105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7   106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5   107 1 1950 5.6 6.5 
 
167 
 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7   108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4   109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1   112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4   114 1 1950 2.1 2.4 
115 1865.8 1950 8.9 10.3  115 1584.6 1950 8.9 10.3  115 1284.4 1950 8.9 10.3   115 896.8 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8   116 1 1800 41.5 50.8 
119 1865.8 1950 3.7 4.3  119 1584.6 1950 3.7 4.3  119 1284.4 1950 3.7 4.3   119 896.8 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4   120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5   123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10   124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6   125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6   126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6   127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9   128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2   129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1   130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43   131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7   132 1 1800 18.6 22.7 
133 3240.6 1950 5 5.9  133 2752.2 1950 5 5.9  133 2230.8 1950 5 5.9   133 1557.6 1950 5 5.9 
134 3240.6 1950 8.1 9.4  134 2752.2 1950 8.1 9.4  134 2230.8 1950 8.1 9.4   134 1557.6 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2   136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3   137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2   138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1   139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5   140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8   141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1   142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1   143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9   144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6   145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7   146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4   147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7   148 1 1950 10.3 11.7 
149 1473 1950 37.9 43.3  149 1251 1950 37.9 43.3  149 1014 1950 37.9 43.3   149 708 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7   151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9   152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1   153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3   154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2   155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1   156 1 1950 1.8 2.1 
 
 
B.2.2.2 Origin Destination Traffic Demands File for a Week Day on I-66 (Output from 
QueensOD and Input to INTEGRATION) 
O-D on a Week Day           
 
 
480 0 0 1           
 1 1 15 0 1 0 3600 1 0 0 0 0 0 1 
 2 1 16 0.8 1 0 3600 1 0 0 0 0 0 1 
 3 5 13 47.8 1 0 3600 1 0 0 0 0 0 1 
 4 8 15 0.6 1 0 3600 1 0 0 0 0 0 1 
 5 10 4 0 1 0 3600 1 0 0 0 0 0 1 
 6 10 15 0.1 1 0 3600 1 0 0 0 0 0 1 
 7 10 16 0.5 1 0 3600 1 0 0 0 0 0 1 
 8 11 4 0.4 1 0 3600 1 0 0 0 0 0 1 
 9 11 15 0.2 1 0 3600 1 0 0 0 0 0 1 
 10 11 18 0.2 1 0 3600 1 0 0 0 0 0 1 
 11 12 15 0.2 1 0 3600 1 0 0 0 0 0 1 
 12 12 18 0.6 1 0 3600 1 0 0 0 0 0 1 
 13 14 2 79 1 0 3600 1 0 0 0 0 0 1 
 14 14 3 227.9 1 0 3600 1 0 0 0 0 0 1 
 15 14 6 7.4 1 0 3600 1 0 0 0 0 0 1 
 16 14 7 7.4 1 0 3600 1 0 0 0 0 0 1 
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 17 14 9 147.7 1 0 3600 1 0 0 0 0 0 1 
 18 14 13 319.2 1 0 3600 1 0 0 0 0 0 1 
 19 17 3 10.6 1 0 3600 1 0 0 0 0 0 1 
 20 17 13 77.9 1 0 3600 1 0 0 0 0 0 1 
 21 1 15 0 1 3600 7200 1 0 0 0 0 0 1 
 22 1 16 0.9 1 3600 7200 1 0 0 0 0 0 1 
 23 5 13 157.6 1 3600 7200 1 0 0 0 0 0 1 
 24 8 15 0.7 1 3600 7200 1 0 0 0 0 0 1 
 25 10 4 0.1 1 3600 7200 1 0 0 0 0 0 1 
 26 10 15 0.2 1 3600 7200 1 0 0 0 0 0 1 
 27 10 16 0.5 1 3600 7200 1 0 0 0 0 0 1 
 28 11 4 0.5 1 3600 7200 1 0 0 0 0 0 1 
 29 11 15 0.2 1 3600 7200 1 0 0 0 0 0 1 
 30 11 18 0.1 1 3600 7200 1 0 0 0 0 0 1 
 31 12 15 0.1 1 3600 7200 1 0 0 0 0 0 1 
 32 12 18 0.7 1 3600 7200 1 0 0 0 0 0 1 
 33 14 2 260.9 1 3600 7200 1 0 0 0 0 0 1 
 34 14 3 759.2 1 3600 7200 1 0 0 0 0 0 1 
 35 14 6 23.3 1 3600 7200 1 0 0 0 0 0 1 
 36 14 7 23.3 1 3600 7200 1 0 0 0 0 0 1 
 37 14 9 490.2 1 3600 7200 1 0 0 0 0 0 1 
 38 14 13 1062.7 1 3600 7200 1 0 0 0 0 0 1 
 39 17 3 35.1 1 3600 7200 1 0 0 0 0 0 1 
 40 17 13 258.5 1 7200 10800 1 0 0 0 0 0 1 
 41 1 15 0 1 7200 10800 1 0 0 0 0 0 1 
 42 1 16 0.9 1 7200 10800 1 0 0 0 0 0 1 
 43 5 13 144.6 1 7200 10800 1 0 0 0 0 0 1 
 44 8 15 0.7 1 7200 10800 1 0 0 0 0 0 1 
 45 10 4 0 1 7200 10800 1 0 0 0 0 0 1 
 46 10 15 0.2 1 7200 10800 1 0 0 0 0 0 1 
 47 10 16 0.5 1 7200 10800 1 0 0 0 0 0 1 
 48 11 4 0.5 1 7200 10800 1 0 0 0 0 0 1 
 49 11 15 0.2 1 7200 10800 1 0 0 0 0 0 1 
 50 11 18 0.1 1 7200 10800 1 0 0 0 0 0 1 
 51 12 15 0.1 1 7200 10800 1 0 0 0 0 0 1 
 52 12 18 0.7 1 7200 10800 1 0 0 0 0 0 1 
 53 14 2 239.4 1 7200 10800 1 0 0 0 0 0 1 
 54 14 3 696.6 1 7200 10800 1 0 0 0 0 0 1 
 55 14 6 21.4 1 7200 10800 1 0 0 0 0 0 1 
 56 14 7 21.4 1 7200 10800 1 0 0 0 0 0 1 
 57 14 9 449.8 1 7200 10800 1 0 0 0 0 0 1 
 58 14 13 975 1 7200 10800 1 0 0 0 0 0 1 
 59 17 3 32.2 1 7200 10800 1 0 0 0 0 0 1 
 60 17 13 237.2 1 7200 10800 1 0 0 0 0 0 1 
 61 1 15 0 1 10800 14400 1 0 0 0 0 0 1 
 62 1 16 0.9 1 10800 14400 1 0 0 0 0 0 1 
 63 5 13 150.4 1 10800 14400 1 0 0 0 0 0 1 
 64 8 15 0.7 1 10800 14400 1 0 0 0 0 0 1 
 65 10 4 0 1 10800 14400 1 0 0 0 0 0 1 
 66 10 15 0.2 1 10800 14400 1 0 0 0 0 0 1 
 67 10 16 0.5 1 10800 14400 1 0 0 0 0 0 1 
 68 11 4 0.5 1 10800 14400 1 0 0 0 0 0 1 
 69 11 15 0.2 1 10800 14400 1 0 0 0 0 0 1 
 70 11 18 0.1 1 10800 14400 1 0 0 0 0 0 1 
 71 12 15 0.1 1 10800 14400 1 0 0 0 0 0 1 
 72 12 18 0.7 1 10800 14400 1 0 0 0 0 0 1 
 73 14 2 249 1 10800 14400 1 0 0 0 0 0 1 
 74 14 3 724.7 1 10800 14400 1 0 0 0 0 0 1 
 75 14 6 22.3 1 10800 14400 1 0 0 0 0 0 1 
 76 14 7 22.3 1 10800 14400 1 0 0 0 0 0 1 
 77 14 9 467.8 1 10800 14400 1 0 0 0 0 0 1 
 78 14 13 1014.4 1 10800 14400 1 0 0 0 0 0 1 
 79 17 3 33.4 1 10800 14400 1 0 0 0 0 0 1 
 80 17 13 246.7 1 10800 14400 1 0 0 0 0 0 1 
 81 1 15 0 1 14400 18000 1 0 0 0 0 0 1 
 82 1 16 0.9 1 14400 18000 1 0 0 0 0 0 1 
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 83 5 13 169.2 1 14400 18000 1 0 0 0 0 0 1 
 84 8 15 0.7 1 14400 18000 1 0 0 0 0 0 1 
 85 10 4 0.1 1 14400 18000 1 0 0 0 0 0 1 
 86 10 15 0.2 1 14400 18000 1 0 0 0 0 0 1 
 87 10 16 0.5 1 14400 18000 1 0 0 0 0 0 1 
 88 11 4 0.5 1 14400 18000 1 0 0 0 0 0 1 
 89 11 15 0.2 1 14400 18000 1 0 0 0 0 0 1 
 90 11 18 0 1 14400 18000 1 0 0 0 0 0 1 
 91 12 15 0.1 1 14400 18000 1 0 0 0 0 0 1 
 92 12 18 0.7 1 14400 18000 1 0 0 0 0 0 1 
 93 14 2 280.2 1 14400 18000 1 0 0 0 0 0 1 
 94 14 3 815.4 1 14400 18000 1 0 0 0 0 0 1 
 95 14 6 25.1 1 14400 18000 1 0 0 0 0 0 1 
 96 14 7 25.1 1 14400 18000 1 0 0 0 0 0 1 
 97 14 9 526.5 1 14400 18000 1 0 0 0 0 0 1 
 98 14 13 1141.7 1 14400 18000 1 0 0 0 0 0 1 
 99 17 3 37.5 1 14400 18000 1 0 0 0 0 0 1 
 100 17 13 277.7 1 14400 18000 1 0 0 0 0 0 1 
 101 1 15 0 1 14400 18000 1 0 0 0 0 0 1 
 102 1 16 0.9 1 18000 21600 1 0 0 0 0 0 1 
 103 5 13 177.9 1 18000 21600 1 0 0 0 0 0 1 
 104 8 15 0.7 1 18000 21600 1 0 0 0 0 0 1 
 105 10 4 0.1 1 18000 21600 1 0 0 0 0 0 1 
 106 10 15 0.1 1 18000 21600 1 0 0 0 0 0 1 
 107 10 16 0.5 1 18000 21600 1 0 0 0 0 0 1 
 108 11 4 0.5 1 18000 21600 1 0 0 0 0 0 1 
 109 11 15 0.2 1 18000 21600 1 0 0 0 0 0 1 
 110 11 18 0 1 18000 21600 1 0 0 0 0 0 1 
 111 12 15 0.1 1 18000 21600 1 0 0 0 0 0 1 
 112 12 18 0.7 1 18000 21600 1 0 0 0 0 0 1 
 113 14 2 294.7 1 18000 21600 1 0 0 0 0 0 1 
 114 14 3 857.8 1 18000 21600 1 0 0 0 0 0 1 
 115 14 6 26.4 1 18000 21600 1 0 0 0 0 0 1 
 116 14 7 26.4 1 18000 21600 1 0 0 0 0 0 1 
 117 14 9 553.7 1 18000 21600 1 0 0 0 0 0 1 
 118 14 13 1200.9 1 18000 21600 1 0 0 0 0 0 1 
 119 17 3 39.5 1 18000 21600 1 0 0 0 0 0 1 
 120 17 13 292 1 18000 21600 1 0 0 0 0 0 1 
 121 1 15 0 1 21600 25200 1 0 0 0 0 0 1 
 122 1 16 0.9 1 21600 25200 1 0 0 0 0 0 1 
 123 5 13 199.7 1 21600 25200 1 0 0 0 0 0 1 
 124 8 15 0.7 1 21600 25200 1 0 0 0 0 0 1 
 125 10 4 0.1 1 21600 25200 1 0 0 0 0 0 1 
 126 10 15 0.1 1 21600 25200 1 0 0 0 0 0 1 
 127 10 16 0.5 1 21600 25200 1 0 0 0 0 0 1 
 128 11 4 0.6 1 21600 25200 1 0 0 0 0 0 1 
 129 11 15 0.2 1 21600 25200 1 0 0 0 0 0 1 
 130 11 18 0 1 21600 25200 1 0 0 0 0 0 1 
 131 12 15 0.1 1 21600 25200 1 0 0 0 0 0 1 
 132 12 18 0.7 1 21600 25200 1 0 0 0 0 0 1 
 133 14 2 330.7 1 21600 25200 1 0 0 0 0 0 1 
 134 14 3 962.8 1 21600 25200 1 0 0 0 0 0 1 
 135 14 6 29.4 1 21600 25200 1 0 0 0 0 0 1 
 136 14 7 29.4 1 21600 25200 1 0 0 0 0 0 1 
 137 14 9 621.6 1 21600 25200 1 0 0 0 0 0 1 
 138 14 13 1347.7 1 21600 25200 1 0 0 0 0 0 1 
 139 17 3 44.4 1 21600 25200 1 0 0 0 0 0 1 
 140 17 13 327.8 1 25200 28800 1 0 0 0 0 0 1 
 141 1 15 0 1 25200 28800 1 0 0 0 0 0 1 
 142 1 16 0.9 1 25200 28800 1 0 0 0 0 0 1 
 143 5 13 222.4 1 25200 28800 1 0 0 0 0 0 1 
 144 8 15 0.7 1 25200 28800 1 0 0 0 0 0 1 
 145 10 4 0.1 1 25200 28800 1 0 0 0 0 0 1 
 146 10 15 0.1 1 25200 28800 1 0 0 0 0 0 1 
 147 10 16 0.5 1 25200 28800 1 0 0 0 0 0 1 
 148 11 4 0.6 1 25200 28800 1 0 0 0 0 0 1 
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 149 11 15 0.2 1 25200 28800 1 0 0 0 0 0 1 
 150 11 18 0 1 25200 28800 1 0 0 0 0 0 1 
 151 12 15 0.1 1 25200 28800 1 0 0 0 0 0 1 
 152 12 18 0.7 1 25200 28800 1 0 0 0 0 0 1 
 153 14 2 368.3 1 25200 28800 1 0 0 0 0 0 1 
 154 14 3 1072.4 1 25200 28800 1 0 0 0 0 0 1 
 155 14 6 32.7 1 25200 28800 1 0 0 0 0 0 1 
 156 14 7 32.7 1 25200 28800 1 0 0 0 0 0 1 
 157 14 9 692.4 1 25200 28800 1 0 0 0 0 0 1 
 158 14 13 1501.2 1 25200 28800 1 0 0 0 0 0 1 
 159 17 3 49.4 1 25200 28800 1 0 0 0 0 0 1 
 160 17 13 365.1 1 25200 28800 1 0 0 0 0 0 1 
 161 1 15 0 1 28800 32400 1 0 0 0 0 0 1 
 162 1 16 0.9 1 28800 32400 1 0 0 0 0 0 1 
 163 5 13 216.2 1 28800 32400 1 0 0 0 0 0 1 
 164 8 15 0.7 1 28800 32400 1 0 0 0 0 0 1 
 165 10 4 0.1 1 28800 32400 1 0 0 0 0 0 1 
 166 10 15 0.1 1 28800 32400 1 0 0 0 0 0 1 
 167 10 16 0.5 1 28800 32400 1 0 0 0 0 0 1 
 168 11 4 0.6 1 28800 32400 1 0 0 0 0 0 1 
 169 11 15 0.2 1 28800 32400 1 0 0 0 0 0 1 
 170 11 18 0 1 28800 32400 1 0 0 0 0 0 1 
 171 12 15 0.1 1 28800 32400 1 0 0 0 0 0 1 
 172 12 18 0.7 1 28800 32400 1 0 0 0 0 0 1 
 173 14 2 358 1 28800 32400 1 0 0 0 0 0 1 
 174 14 3 1042.5 1 28800 32400 1 0 0 0 0 0 1 
 175 14 6 32 1 28800 32400 1 0 0 0 0 0 1 
 176 14 7 32 1 28800 32400 1 0 0 0 0 0 1 
 177 14 9 673 1 28800 32400 1 0 0 0 0 0 1 
 178 14 13 1459.7 1 28800 32400 1 0 0 0 0 0 1 
 179 17 3 47.8 1 28800 32400 1 0 0 0 0 0 1 
 180 17 13 355 1 28800 32400 1 0 0 0 0 0 1 
 181 1 15 0 1 32400 36000 1 0 0 0 0 0 1 
 182 1 16 0.9 1 32400 36000 1 0 0 0 0 0 1 
 183 5 13 213 1 32400 36000 1 0 0 0 0 0 1 
 184 8 15 0.7 1 32400 36000 1 0 0 0 0 0 1 
 185 10 4 0.1 1 32400 36000 1 0 0 0 0 0 1 
 186 10 15 0.1 1 32400 36000 1 0 0 0 0 0 1 
 187 10 16 0.5 1 32400 36000 1 0 0 0 0 0 1 
 188 11 4 0.6 1 32400 36000 1 0 0 0 0 0 1 
 189 11 15 0.2 1 32400 36000 1 0 0 0 0 0 1 
 190 11 18 0 1 32400 36000 1 0 0 0 0 0 1 
 191 12 15 0.1 1 32400 36000 1 0 0 0 0 0 1 
 192 12 18 0.7 1 32400 36000 1 0 0 0 0 0 1 
 193 14 2 352.7 1 32400 36000 1 0 0 0 0 0 1 
 194 14 3 1026.9 1 32400 36000 1 0 0 0 0 0 1 
 195 14 6 31.5 1 32400 36000 1 0 0 0 0 0 1 
 196 14 7 31.5 1 32400 36000 1 0 0 0 0 0 1 
 197 14 9 662.9 1 32400 36000 1 0 0 0 0 0 1 
 198 14 13 1437.7 1 32400 36000 1 0 0 0 0 0 1 
 199 17 3 47.1 1 32400 36000 1 0 0 0 0 0 1 
 200 17 13 349.6 1 32400 36000 1 0 0 0 0 0 1 
 201 1 15 0 1 32400 36000 1 0 0 0 0 0 1 
 202 1 16 0.9 1 36000 39600 1 0 0 0 0 0 1 
 203 5 13 204.6 1 36000 39600 1 0 0 0 0 0 1 
 204 8 15 0.7 1 36000 39600 1 0 0 0 0 0 1 
 205 10 4 0.1 1 36000 39600 1 0 0 0 0 0 1 
 206 10 15 0.1 1 36000 39600 1 0 0 0 0 0 1 
 207 10 16 0.5 1 36000 39600 1 0 0 0 0 0 1 
 208 11 4 0.6 1 36000 39600 1 0 0 0 0 0 1 
 209 11 15 0.2 1 36000 39600 1 0 0 0 0 0 1 
 210 11 18 0 1 36000 39600 1 0 0 0 0 0 1 
 211 12 15 0.1 1 36000 39600 1 0 0 0 0 0 1 
 212 12 18 0.7 1 36000 39600 1 0 0 0 0 0 1 
 213 14 2 338.8 1 36000 39600 1 0 0 0 0 0 1 
 214 14 3 986.3 1 36000 39600 1 0 0 0 0 0 1 
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 215 14 6 30.2 1 36000 39600 1 0 0 0 0 0 1 
 216 14 7 30.2 1 36000 39600 1 0 0 0 0 0 1 
 217 14 9 636.8 1 36000 39600 1 0 0 0 0 0 1 
 218 14 13 1380.7 1 36000 39600 1 0 0 0 0 0 1 
 219 17 3 45.5 1 36000 39600 1 0 0 0 0 0 1 
 220 17 13 335.8 1 36000 39600 1 0 0 0 0 0 1 
 221 1 15 0 1 39600 43200 1 0 0 0 0 0 1 
 222 1 16 0.8 1 39600 43200 1 0 0 0 0 0 1 
 223 5 13 32.6 1 39600 43200 1 0 0 0 0 0 1 
 224 8 15 0.6 1 39600 43200 1 0 0 0 0 0 1 
 225 10 4 0 1 39600 43200 1 0 0 0 0 0 1 
 226 10 15 0.1 1 39600 43200 1 0 0 0 0 0 1 
 227 10 16 0.5 1 39600 43200 1 0 0 0 0 0 1 
 228 11 4 0.4 1 39600 43200 1 0 0 0 0 0 1 
 229 11 15 0.1 1 39600 43200 1 0 0 0 0 0 1 
 230 11 18 0.2 1 39600 43200 1 0 0 0 0 0 1 
 231 12 15 0.3 1 39600 43200 1 0 0 0 0 0 1 
 232 12 18 0.5 1 39600 43200 1 0 0 0 0 0 1 
 233 14 2 54.4 1 39600 43200 1 0 0 0 0 0 1 
 234 14 3 144.9 1 39600 43200 1 0 0 0 0 0 1 
 235 14 6 5.4 1 39600 43200 1 0 0 0 0 0 1 
 236 14 7 5.4 1 39600 43200 1 0 0 0 0 0 1 
 237 14 9 98.1 1 39600 43200 1 0 0 0 0 0 1 
 238 14 13 203.9 1 39600 43200 1 0 0 0 0 0 1 
 239 17 3 7.7 1 39600 43200 1 0 0 0 0 0 1 
 240 17 13 51.7 1 39600 43200 1 0 0 0 0 0 1 
 241 1 15 0 1 43200 46800 1 0 0 0 0 0 1 
 242 1 16 0.9 1 43200 46800 1 0 0 0 0 0 1 
 243 5 13 198.1 1 43200 46800 1 0 0 0 0 0 1 
 244 8 15 0.7 1 43200 46800 1 0 0 0 0 0 1 
 245 10 4 0.1 1 43200 46800 1 0 0 0 0 0 1 
 246 10 15 0.1 1 43200 46800 1 0 0 0 0 0 1 
 247 10 16 0.5 1 43200 46800 1 0 0 0 0 0 1 
 248 11 4 0.6 1 43200 46800 1 0 0 0 0 0 1 
 249 11 15 0.2 1 43200 46800 1 0 0 0 0 0 1 
 250 11 18 0 1 43200 46800 1 0 0 0 0 0 1 
 251 12 15 0.1 1 43200 46800 1 0 0 0 0 0 1 
 252 12 18 0.7 1 43200 46800 1 0 0 0 0 0 1 
 253 14 2 328 1 43200 46800 1 0 0 0 0 0 1 
 254 14 3 955 1 43200 46800 1 0 0 0 0 0 1 
 255 14 6 29.3 1 43200 46800 1 0 0 0 0 0 1 
 256 14 7 29.3 1 43200 46800 1 0 0 0 0 0 1 
 257 14 9 616.6 1 43200 46800 1 0 0 0 0 0 1 
 258 14 13 1336.8 1 43200 46800 1 0 0 0 0 0 1 
 259 17 3 44 1 43200 46800 1 0 0 0 0 0 1 
 260 17 13 325.1 1 43200 46800 1 0 0 0 0 0 1 
 261 1 15 0 1 46800 50400 1 0 0 0 0 0 1 
 262 1 16 0.9 1 46800 50400 1 0 0 0 0 0 1 
 263 5 13 159.5 1 46800 50400 1 0 0 0 0 0 1 
 264 8 15 0.7 1 46800 50400 1 0 0 0 0 0 1 
 265 10 4 0.1 1 46800 50400 1 0 0 0 0 0 1 
 266 10 15 0.2 1 46800 50400 1 0 0 0 0 0 1 
 267 10 16 0.5 1 46800 50400 1 0 0 0 0 0 1 
 268 11 4 0.5 1 46800 50400 1 0 0 0 0 0 1 
 269 11 15 0.2 1 46800 50400 1 0 0 0 0 0 1 
 270 11 18 0.1 1 46800 50400 1 0 0 0 0 0 1 
 271 12 15 0.1 1 46800 50400 1 0 0 0 0 0 1 
 272 12 18 0.7 1 46800 50400 1 0 0 0 0 0 1 
 273 14 2 264 1 46800 50400 1 0 0 0 0 0 1 
 274 14 3 768.4 1 46800 50400 1 0 0 0 0 0 1 
 275 14 6 23.6 1 46800 50400 1 0 0 0 0 0 1 
 276 14 7 23.6 1 46800 50400 1 0 0 0 0 0 1 
 277 14 9 496.1 1 46800 50400 1 0 0 0 0 0 1 
 278 14 13 1075.9 1 46800 50400 1 0 0 0 0 0 1 
 279 17 3 35.3 1 46800 50400 1 0 0 0 0 0 1 
 280 17 13 261.7 1 46800 50400 1 0 0 0 0 0 1 
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 281 1 15 0 1 50400 54000 1 0 0 0 0 0 1 
 282 1 16 0.9 1 50400 54000 1 0 0 0 0 0 1 
 283 5 13 135.6 1 50400 54000 1 0 0 0 0 0 1 
 284 8 15 0.7 1 50400 54000 1 0 0 0 0 0 1 
 285 10 4 0 1 50400 54000 1 0 0 0 0 0 1 
 286 10 15 0.2 1 50400 54000 1 0 0 0 0 0 1 
 287 10 16 0.5 1 50400 54000 1 0 0 0 0 0 1 
 288 11 4 0.5 1 50400 54000 1 0 0 0 0 0 1 
 289 11 15 0.2 1 50400 54000 1 0 0 0 0 0 1 
 290 11 18 0.1 1 50400 54000 1 0 0 0 0 0 1 
 291 12 15 0.1 1 50400 54000 1 0 0 0 0 0 1 
 292 12 18 0.7 1 50400 54000 1 0 0 0 0 0 1 
 293 14 2 224.3 1 50400 54000 1 0 0 0 0 0 1 
 294 14 3 652.6 1 50400 54000 1 0 0 0 0 0 1 
 295 14 6 20.1 1 50400 54000 1 0 0 0 0 0 1 
 296 14 7 20.1 1 50400 54000 1 0 0 0 0 0 1 
 297 14 9 421.4 1 50400 54000 1 0 0 0 0 0 1 
 298 14 13 913.7 1 50400 54000 1 0 0 0 0 0 1 
 299 17 3 30.1 1 50400 54000 1 0 0 0 0 0 1 
 300 17 13 222.3 1 50400 54000 1 0 0 0 0 0 1 
 301 1 15 0 1 54000 57600 1 0 0 0 0 0 1 
 302 1 16 0.8 1 54000 57600 1 0 0 0 0 0 1 
 303 5 13 109.9 1 54000 57600 1 0 0 0 0 0 1 
 304 8 15 0.7 1 54000 57600 1 0 0 0 0 0 1 
 305 10 4 0 1 54000 57600 1 0 0 0 0 0 1 
 306 10 15 0.2 1 54000 57600 1 0 0 0 0 0 1 
 307 10 16 0.5 1 54000 57600 1 0 0 0 0 0 1 
 308 11 4 0.5 1 54000 57600 1 0 0 0 0 0 1 
 309 11 15 0.2 1 54000 57600 1 0 0 0 0 0 1 
 310 11 18 0.1 1 54000 57600 1 0 0 0 0 0 1 
 311 12 15 0.1 1 54000 57600 1 0 0 0 0 0 1 
 312 12 18 0.7 1 54000 57600 1 0 0 0 0 0 1 
 313 14 2 181.9 1 54000 57600 1 0 0 0 0 0 1 
 314 14 3 529 1 54000 57600 1 0 0 0 0 0 1 
 315 14 6 16.5 1 54000 57600 1 0 0 0 0 0 1 
 316 14 7 16.5 1 54000 57600 1 0 0 0 0 0 1 
 317 14 9 341.5 1 54000 57600 1 0 0 0 0 0 1 
 318 14 13 740.5 1 54000 57600 1 0 0 0 0 0 1 
 319 17 3 24.4 1 54000 57600 1 0 0 0 0 0 1 
 320 17 13 180.1 1 54000 57600 1 0 0 0 0 0 1 
 321 1 15 0 1 57600 61200 1 0 0 0 0 0 1 
 322 1 16 0.8 1 57600 61200 1 0 0 0 0 0 1 
 323 5 13 76.9 1 57600 61200 1 0 0 0 0 0 1 
 324 8 15 0.6 1 57600 61200 1 0 0 0 0 0 1 
 325 10 4 0 1 57600 61200 1 0 0 0 0 0 1 
 326 10 15 0.2 1 57600 61200 1 0 0 0 0 0 1 
 327 10 16 0.5 1 57600 61200 1 0 0 0 0 0 1 
 328 11 4 0.5 1 57600 61200 1 0 0 0 0 0 1 
 329 11 15 0.2 1 57600 61200 1 0 0 0 0 0 1 
 330 11 18 0.1 1 57600 61200 1 0 0 0 0 0 1 
 331 12 15 0.1 1 57600 61200 1 0 0 0 0 0 1 
 332 12 18 0.7 1 57600 61200 1 0 0 0 0 0 1 
 333 14 2 127.1 1 57600 61200 1 0 0 0 0 0 1 
 334 14 3 369.2 1 57600 61200 1 0 0 0 0 0 1 
 335 14 6 11.6 1 57600 61200 1 0 0 0 0 0 1 
 336 14 7 11.6 1 57600 61200 1 0 0 0 0 0 1 
 337 14 9 238.4 1 57600 61200 1 0 0 0 0 0 1 
 338 14 13 516.9 1 57600 61200 1 0 0 0 0 0 1 
 339 17 3 17 1 57600 61200 1 0 0 0 0 0 1 
 340 17 13 125.8 1 57600 61200 1 0 0 0 0 0 1 
 341 1 15 0 1 61200 64800 1 0 0 0 0 0 1 
 342 1 16 0.8 1 61200 64800 1 0 0 0 0 0 1 
 343 5 13 25.7 1 61200 64800 1 0 0 0 0 0 1 
 344 8 15 0.6 1 61200 64800 1 0 0 0 0 0 1 
 345 10 4 0.1 1 61200 64800 1 0 0 0 0 0 1 
 346 10 15 0.1 1 61200 64800 1 0 0 0 0 0 1 
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 347 10 16 0.5 1 61200 64800 1 0 0 0 0 0 1 
 348 11 4 0.4 1 61200 64800 1 0 0 0 0 0 1 
 349 11 15 0.1 1 61200 64800 1 0 0 0 0 0 1 
 350 11 18 0.3 1 61200 64800 1 0 0 0 0 0 1 
 351 12 15 0.3 1 61200 64800 1 0 0 0 0 0 1 
 352 12 18 0.5 1 61200 64800 1 0 0 0 0 0 1 
 353 14 2 43 1 61200 64800 1 0 0 0 0 0 1 
 354 14 3 107.6 1 61200 64800 1 0 0 0 0 0 1 
 355 14 6 4.7 1 61200 64800 1 0 0 0 0 0 1 
 356 14 7 4.7 1 61200 64800 1 0 0 0 0 0 1 
 357 14 9 75.4 1 61200 64800 1 0 0 0 0 0 1 
 358 14 13 152.2 1 61200 64800 1 0 0 0 0 0 1 
 359 17 3 6.1 1 61200 64800 1 0 0 0 0 0 1 
 360 17 13 39.9 1 61200 64800 1 0 0 0 0 0 1 
 361 1 15 0 1 64800 68400 1 0 0 0 0 0 1 
 362 1 16 0.8 1 64800 68400 1 0 0 0 0 0 1 
 363 5 13 22.9 1 64800 68400 1 0 0 0 0 0 1 
 364 8 15 0.6 1 64800 68400 1 0 0 0 0 0 1 
 365 10 4 0.1 1 64800 68400 1 0 0 0 0 0 1 
 366 10 15 0.1 1 64800 68400 1 0 0 0 0 0 1 
 367 10 16 0.5 1 64800 68400 1 0 0 0 0 0 1 
 368 11 4 0.4 1 64800 68400 1 0 0 0 0 0 1 
 369 11 15 0.1 1 64800 68400 1 0 0 0 0 0 1 
 370 11 18 0.3 1 64800 68400 1 0 0 0 0 0 1 
 371 12 15 0.3 1 64800 68400 1 0 0 0 0 0 1 
 372 12 18 0.5 1 64800 68400 1 0 0 0 0 0 1 
 373 14 2 38.4 1 64800 68400 1 0 0 0 0 0 1 
 374 14 3 93.2 1 64800 68400 1 0 0 0 0 0 1 
 375 14 6 4.3 1 64800 68400 1 0 0 0 0 0 1 
 376 14 7 4.3 1 64800 68400 1 0 0 0 0 0 1 
 377 14 9 66.4 1 64800 68400 1 0 0 0 0 0 1 
 378 14 13 132 1 64800 68400 1 0 0 0 0 0 1 
 379 17 3 5.6 1 64800 68400 1 0 0 0 0 0 1 
 380 17 13 35.1 1 64800 68400 1 0 0 0 0 0 1 
 381 1 15 0 1 68400 72000 1 0 0 0 0 0 1 
 382 1 16 0.8 1 68400 72000 1 0 0 0 0 0 1 
 383 5 13 29.9 1 68400 72000 1 0 0 0 0 0 1 
 384 8 15 0.6 1 68400 72000 1 0 0 0 0 0 1 
 385 10 4 0.1 1 68400 72000 1 0 0 0 0 0 1 
 386 10 15 0.1 1 68400 72000 1 0 0 0 0 0 1 
 387 10 16 0.5 1 68400 72000 1 0 0 0 0 0 1 
 388 11 4 0.4 1 68400 72000 1 0 0 0 0 0 1 
 389 11 15 0.1 1 68400 72000 1 0 0 0 0 0 1 
 390 11 18 0.3 1 68400 72000 1 0 0 0 0 0 1 
 391 12 15 0.3 1 68400 72000 1 0 0 0 0 0 1 
 392 12 18 0.5 1 68400 72000 1 0 0 0 0 0 1 
 393 14 2 49.8 1 68400 72000 1 0 0 0 0 0 1 
 394 14 3 130.2 1 68400 72000 1 0 0 0 0 0 1 
 395 14 6 5.3 1 68400 72000 1 0 0 0 0 0 1 
 396 14 7 5.3 1 68400 72000 1 0 0 0 0 0 1 
 397 14 9 89.1 1 68400 72000 1 0 0 0 0 0 1 
 398 14 13 183.7 1 68400 72000 1 0 0 0 0 0 1 
 399 17 3 6.9 1 68400 72000 1 0 0 0 0 0 1 
 400 17 13 47.1 1 68400 72000 1 0 0 0 0 0 1 
 401 1 15 0 1 72000 75600 1 0 0 0 0 0 1 
 402 1 16 0.8 1 72000 75600 1 0 0 0 0 0 1 
 403 5 13 82.1 1 72000 75600 1 0 0 0 0 0 1 
 404 8 15 0.6 1 72000 75600 1 0 0 0 0 0 1 
 405 10 4 0 1 72000 75600 1 0 0 0 0 0 1 
 406 10 15 0.2 1 72000 75600 1 0 0 0 0 0 1 
 407 10 16 0.5 1 72000 75600 1 0 0 0 0 0 1 
 408 11 4 0.5 1 72000 75600 1 0 0 0 0 0 1 
 409 11 15 0.2 1 72000 75600 1 0 0 0 0 0 1 
 410 11 18 0.1 1 72000 75600 1 0 0 0 0 0 1 
 411 12 15 0.1 1 72000 75600 1 0 0 0 0 0 1 
 412 12 18 0.7 1 72000 75600 1 0 0 0 0 0 1 
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 413 14 2 135.7 1 72000 75600 1 0 0 0 0 0 1 
 414 14 3 394.3 1 72000 75600 1 0 0 0 0 0 1 
 415 14 6 12.4 1 72000 75600 1 0 0 0 0 0 1 
 416 14 7 12.4 1 72000 75600 1 0 0 0 0 0 1 
 417 14 9 254.7 1 72000 75600 1 0 0 0 0 0 1 
 418 14 13 552 1 72000 75600 1 0 0 0 0 0 1 
 419 17 3 18.2 1 72000 75600 1 0 0 0 0 0 1 
 420 17 13 134.4 1 72000 75600 1 0 0 0 0 0 1 
 421 1 15 0 1 75600 79200 1 0 0 0 0 0 1 
 422 1 16 0.9 1 75600 79200 1 0 0 0 0 0 1 
 423 5 13 141.7 1 75600 79200 1 0 0 0 0 0 1 
 424 8 15 0.7 1 75600 79200 1 0 0 0 0 0 1 
 425 10 4 0 1 75600 79200 1 0 0 0 0 0 1 
 426 10 15 0.2 1 75600 79200 1 0 0 0 0 0 1 
 427 10 16 0.5 1 75600 79200 1 0 0 0 0 0 1 
 428 11 4 0.5 1 75600 79200 1 0 0 0 0 0 1 
 429 11 15 0.2 1 75600 79200 1 0 0 0 0 0 1 
 430 11 18 0.1 1 75600 79200 1 0 0 0 0 0 1 
 431 12 15 0.1 1 75600 79200 1 0 0 0 0 0 1 
 432 12 18 0.7 1 75600 79200 1 0 0 0 0 0 1 
 433 14 2 234.5 1 75600 79200 1 0 0 0 0 0 1 
 434 14 3 682.4 1 75600 79200 1 0 0 0 0 0 1 
 435 14 6 21.1 1 75600 79200 1 0 0 0 0 0 1 
 436 14 7 21.1 1 75600 79200 1 0 0 0 0 0 1 
 437 14 9 440.6 1 75600 79200 1 0 0 0 0 0 1 
 438 14 13 955.4 1 75600 79200 1 0 0 0 0 0 1 
 439 17 3 31.4 1 75600 79200 1 0 0 0 0 0 1 
 440 17 13 232.4 1 75600 79200 1 0 0 0 0 0 1 
 441 1 15 0 1 79200 82800 1 0 0 0 0 0 1 
 442 1 16 0.9 1 79200 82800 1 0 0 0 0 0 1 
 443 5 13 169.9 1 79200 82800 1 0 0 0 0 0 1 
 444 8 15 0.7 1 79200 82800 1 0 0 0 0 0 1 
 445 10 4 0.1 1 79200 82800 1 0 0 0 0 0 1 
 446 10 15 0.2 1 79200 82800 1 0 0 0 0 0 1 
 447 10 16 0.5 1 79200 82800 1 0 0 0 0 0 1 
 448 11 4 0.5 1 79200 82800 1 0 0 0 0 0 1 
 449 11 15 0.2 1 79200 82800 1 0 0 0 0 0 1 
 450 11 18 0 1 79200 82800 1 0 0 0 0 0 1 
 451 12 15 0.1 1 79200 82800 1 0 0 0 0 0 1 
 452 12 18 0.7 1 79200 82800 1 0 0 0 0 0 1 
 453 14 2 281.2 1 79200 82800 1 0 0 0 0 0 1 
 454 14 3 818.6 1 79200 82800 1 0 0 0 0 0 1 
 455 14 6 25.2 1 79200 82800 1 0 0 0 0 0 1 
 456 14 7 25.2 1 79200 82800 1 0 0 0 0 0 1 
 457 14 9 528.5 1 79200 82800 1 0 0 0 0 0 1 
 458 14 13 1146 1 79200 82800 1 0 0 0 0 0 1 
 459 17 3 37.7 1 79200 82800 1 0 0 0 0 0 1 
 460 17 13 278.7 1 79200 82800 1 0 0 0 0 0 1 
 461 1 15 0 1 82800 86400 1 0 0 0 0 0 1 
 462 1 16 0.9 1 82800 86400 1 0 0 0 0 0 1 
 463 5 13 169.6 1 82800 86400 1 0 0 0 0 0 1 
 464 8 15 0.7 1 82800 86400 1 0 0 0 0 0 1 
 465 10 4 0.1 1 82800 86400 1 0 0 0 0 0 1 
 466 10 15 0.2 1 82800 86400 1 0 0 0 0 0 1 
 467 10 16 0.5 1 82800 86400 1 0 0 0 0 0 1 
 468 11 4 0.5 1 82800 86400 1 0 0 0 0 0 1 
 469 11 15 0.2 1 82800 86400 1 0 0 0 0 0 1 
 470 11 18 0 1 82800 86400 1 0 0 0 0 0 1 
 471 12 15 0.1 1 82800 86400 1 0 0 0 0 0 1 
 472 12 18 0.7 1 82800 86400 1 0 0 0 0 0 1 
 473 14 2 280.7 1 82800 86400 1 0 0 0 0 0 1 
 474 14 3 817.1 1 82800 86400 1 0 0 0 0 0 1 
 475 14 6 25.2 1 82800 86400 1 0 0 0 0 0 1 
 476 14 7 25.2 1 82800 86400 1 0 0 0 0 0 1 
 477 14 9 527.6 1 82800 86400 1 0 0 0 0 0 1 
 478 14 13 1143.9 1 82800 86400 1 0 0 0 0 0 1 
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 479 17 3 37.6 1 82800 86400 1 0 0 0 0 0 1 
 480 17 13 278.2 1 82800 86400 1 0 0 0 0 0 1 
B.2.3 Input Files Specific to Normal Weekend Traffic on I-66 
B.2.3.1 Observed Link Flow Files for Every Hour on A Weekend Day on I-66 
 
Table 41: Observed Link Flow Files from Hour 00:00 to Hour 04:00 on a Weekend Day 
 
Observed Link Flow at Hour 01:00  Observed Link Flow at Hour 02:00  Observed Link Flow at Hour 03:00  Observed Link Flow at Hour 04:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 831 1950 18.2 20.7  1 591 1950 18.2 20.7  1 474 1950 18.2 20.7  1 375 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 1828 1950 6.6 7.7  4 1300 1950 6.6 7.7  4 1043 1950 6.6 7.7  4 825 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 1053 1950 10.9 12.7  9 748.6 1950 10.9 12.7  9 600.4 1950 10.9 12.7  9 475 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 831 1950 10 11.4  32 591 1950 10 11.4  32 474 1950 10 11.4  32 375 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 1053 1950 7.9 9.2  48 748.6 1950 7.9 9.2  48 600.4 1950 7.9 9.2  48 475 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 1828 1950 2.6 3  50 1300 1950 2.6 3  50 1043 1950 2.6 3  50 825 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
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52 1828 1950 7.5 8.7  52 1300 1950 7.5 8.7  52 1043 1950 7.5 8.7  52 825 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 1828 1950 2.8 3.2  55 1300 1950 2.8 3.2  55 1043 1950 2.8 3.2  55 825 1950 2.8 3.2 
56 1828 1950 5.1 5.9  56 1300 1950 5.1 5.9  56 1043 1950 5.1 5.9  56 825 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 831 1950 20.6 23.5  61 591 1950 20.6 23.5  61 474 1950 20.6 23.5  61 375 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 831 1950 10.8 12.4  64 591 1950 10.8 12.4  64 474 1950 10.8 12.4  64 375 1950 10.8 12.4 
65 831 1950 14.4 16.5  65 591 1950 14.4 16.5  65 474 1950 14.4 16.5  65 375 1950 14.4 16.5 
66 1524 1950 10.4 12.1  66 1084 1950 10.4 12.1  66 869 1950 10.4 12.1  66 687.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 1524 1950 17.6 20.5  68 1084 1950 17.6 20.5  68 869 1950 17.6 20.5  68 687.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 1524 1950 14.4 16.8  75 1084 1950 14.4 16.8  75 869 1950 14.4 16.8  75 687.5 1950 14.4 16.8 
76 1496 1950 11.1 13  76 1064 1950 11.1 13  76 853.2 1950 11.1 13  76 675 1950 11.1 13 
77 1828 1950 16.5 19.3  77 1300 1950 16.5 19.3  77 1043 1950 16.5 19.3  77 825 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 1828 1950 5.7 6.6  83 1300 1950 5.7 6.6  83 1043 1950 5.7 6.6  83 825 1950 5.7 6.6 
84 1828 1950 5 5.8  84 1300 1950 5 5.8  84 1043 1950 5 5.8  84 825 1950 5 5.8 
86 1524 1950 56.3 65.7  86 1084 1950 56.3 65.7  86 869 1950 56.3 65.7  86 687.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 831 1950 9.7 11.1  89 591 1950 9.7 11.1  89 474 1950 9.7 11.1  89 375 1950 9.7 11.1 
90 831 1950 6.8 7.8  90 591 1950 6.8 7.8  90 474 1950 6.8 7.8  90 375 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 1828 1950 28.1 32.8  93 1300 1950 28.1 32.8  93 1043 1950 28.1 32.8  93 825 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 1053 1950 8.5 9.9  97 748.6 1950 8.5 9.9  97 600.4 1950 8.5 9.9  97 475 1950 8.5 9.9 
98 1053 1950 7.9 9.2  98 748.6 1950 7.9 9.2  98 600.4 1950 7.9 9.2  98 475 1950 7.9 9.2 
99 1053 1950 1.4 1.7  99 748.6 1950 1.4 1.7  99 600.4 1950 1.4 1.7  99 475 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 1053 1950 8.9 10.3  115 748.6 1950 8.9 10.3  115 600.4 1950 8.9 10.3  115 475 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 1053 1950 3.7 4.3  119 748.6 1950 3.7 4.3  119 600.4 1950 3.7 4.3  119 475 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
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131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 1828 1950 5 5.9  133 1300 1950 5 5.9  133 1043 1950 5 5.9  133 825 1950 5 5.9 
134 1828 1950 8.1 9.4  134 1300 1950 8.1 9.4  134 1043 1950 8.1 9.4  134 825 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 831 1950 37.9 43.3  149 591 1950 37.9 43.3  149 474 1950 37.9 43.3  149 375 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 42: Observed Link Flow Files from Hour 05:00 to Hour 08:00 on a Weekend Day 
 
Observed Link Flow at Hour 05:00  Observed Link Flow at Hour 06:00  Observed Link Flow at Hour 07:00  Observed Link Flow at Hour 08:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 270 1950 18.2 20.7  1 351 1950 18.2 20.7  1 561 1950 18.2 20.7  1 867 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 594 1950 6.6 7.7  4 772.2 1950 6.6 7.7  4 1234.2 1950 6.6 7.7  4 1907.4 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 342 1950 10.9 12.7  9 444.6 1950 10.9 12.7  9 710.6 1950 10.9 12.7  9 1098.2 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 270 1950 10 11.4  32 351 1950 10 11.4  32 561 1950 10 11.4  32 867 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
 
178 
 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 342 1950 7.9 9.2  48 444.6 1950 7.9 9.2  48 710.6 1950 7.9 9.2  48 1098.2 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 594 1950 2.6 3  50 772.2 1950 2.6 3  50 1234.2 1950 2.6 3  50 1907.4 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 594 1950 7.5 8.7  52 772.2 1950 7.5 8.7  52 1234.2 1950 7.5 8.7  52 1907.4 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 594 1950 2.8 3.2  55 772.2 1950 2.8 3.2  55 1234.2 1950 2.8 3.2  55 1907.4 1950 2.8 3.2 
56 594 1950 5.1 5.9  56 772.2 1950 5.1 5.9  56 1234.2 1950 5.1 5.9  56 1907.4 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 270 1950 20.6 23.5  61 351 1950 20.6 23.5  61 561 1950 20.6 23.5  61 867 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 270 1950 10.8 12.4  64 351 1950 10.8 12.4  64 561 1950 10.8 12.4  64 867 1950 10.8 12.4 
65 270 1950 14.4 16.5  65 351 1950 14.4 16.5  65 561 1950 14.4 16.5  65 867 1950 14.4 16.5 
66 495 1950 10.4 12.1  66 643.5 1950 10.4 12.1  66 1028.5 1950 10.4 12.1  66 1589.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 495 1950 17.6 20.5  68 643.5 1950 17.6 20.5  68 1028.5 1950 17.6 20.5  68 1589.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 495 1950 14.4 16.8  75 643.5 1950 14.4 16.8  75 1028.5 1950 14.4 16.8  75 1589.5 1950 14.4 16.8 
76 486 1950 11.1 13  76 631.8 1950 11.1 13  76 1009.8 1950 11.1 13  76 1560.6 1950 11.1 13 
77 594 1950 16.5 19.3  77 772.2 1950 16.5 19.3  77 1234.2 1950 16.5 19.3  77 1907.4 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 594 1950 5.7 6.6  83 772.2 1950 5.7 6.6  83 1234.2 1950 5.7 6.6  83 1907.4 1950 5.7 6.6 
84 594 1950 5 5.8  84 772.2 1950 5 5.8  84 1234.2 1950 5 5.8  84 1907.4 1950 5 5.8 
86 495 1950 56.3 65.7  86 643.5 1950 56.3 65.7  86 1028.5 1950 56.3 65.7  86 1589.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 270 1950 9.7 11.1  89 351 1950 9.7 11.1  89 561 1950 9.7 11.1  89 867 1950 9.7 11.1 
90 270 1950 6.8 7.8  90 351 1950 6.8 7.8  90 561 1950 6.8 7.8  90 867 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 594 1950 28.1 32.8  93 772.2 1950 28.1 32.8  93 1234.2 1950 28.1 32.8  93 1907.4 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 342 1950 8.5 9.9  97 444.6 1950 8.5 9.9  97 710.6 1950 8.5 9.9  97 1098.2 1950 8.5 9.9 
98 342 1950 7.9 9.2  98 444.6 1950 7.9 9.2  98 710.6 1950 7.9 9.2  98 1098.2 1950 7.9 9.2 
99 342 1950 1.4 1.7  99 444.6 1950 1.4 1.7  99 710.6 1950 1.4 1.7  99 1098.2 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
 
179 
 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 342 1950 8.9 10.3  115 444.6 1950 8.9 10.3  115 710.6 1950 8.9 10.3  115 1098.2 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 342 1950 3.7 4.3  119 444.6 1950 3.7 4.3  119 710.6 1950 3.7 4.3  119 1098.2 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 594 1950 5 5.9  133 772.2 1950 5 5.9  133 1234.2 1950 5 5.9  133 1907.4 1950 5 5.9 
134 594 1950 8.1 9.4  134 772.2 1950 8.1 9.4  134 1234.2 1950 8.1 9.4  134 1907.4 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 270 1950 37.9 43.3  149 351 1950 37.9 43.3  149 561 1950 37.9 43.3  149 867 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 43: Observed Link Flow Files from Hour 09:00 to Hour 12:00 on a Weekend Day 
 
Observed Link Flow at Hour 09:00  Observed Link Flow at Hour 10:00  Observed Link Flow at Hour 11:00  Observed Link Flow at Hour 12:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 1146 1950 18.2 20.7  1 1443 1950 18.2 20.7  1 1659 1950 18.2 20.7  1 1824 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 2521.2 1950 6.6 7.7  4 3174.6 1950 6.6 7.7  4 3649.8 1950 6.6 7.7  4 4012.8 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 1451.6 1950 10.9 12.7  9 1827.8 1950 10.9 12.7  9 2101.4 1950 10.9 12.7  9 2310.4 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
 
180 
 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 1146 1950 10 11.4  32 1443 1950 10 11.4  32 1659 1950 10 11.4  32 1824 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 1451.6 1950 7.9 9.2  48 1827.8 1950 7.9 9.2  48 2101.4 1950 7.9 9.2  48 2310.4 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 2521.2 1950 2.6 3  50 3174.6 1950 2.6 3  50 3649.8 1950 2.6 3  50 4012.8 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 2521.2 1950 7.5 8.7  52 3174.6 1950 7.5 8.7  52 3649.8 1950 7.5 8.7  52 4012.8 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 2521.2 1950 2.8 3.2  55 3174.6 1950 2.8 3.2  55 3649.8 1950 2.8 3.2  55 4012.8 1950 2.8 3.2 
56 2521.2 1950 5.1 5.9  56 3174.6 1950 5.1 5.9  56 3649.8 1950 5.1 5.9  56 4012.8 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 1146 1950 20.6 23.5  61 1443 1950 20.6 23.5  61 1659 1950 20.6 23.5  61 1824 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 1146 1950 10.8 12.4  64 1443 1950 10.8 12.4  64 1659 1950 10.8 12.4  64 1824 1950 10.8 12.4 
65 1146 1950 14.4 16.5  65 1443 1950 14.4 16.5  65 1659 1950 14.4 16.5  65 1824 1950 14.4 16.5 
66 2101 1950 10.4 12.1  66 2645.5 1950 10.4 12.1  66 3041.5 1950 10.4 12.1  66 3344 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 2101 1950 17.6 20.5  68 2645.5 1950 17.6 20.5  68 3041.5 1950 17.6 20.5  68 3344 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 2101 1950 14.4 16.8  75 2645.5 1950 14.4 16.8  75 3041.5 1950 14.4 16.8  75 3344 1950 14.4 16.8 
76 2062.8 1950 11.1 13  76 2597.4 1950 11.1 13  76 2986.2 1950 11.1 13  76 3283.2 1950 11.1 13 
77 2521.2 1950 16.5 19.3  77 3174.6 1950 16.5 19.3  77 3649.8 1950 16.5 19.3  77 4012.8 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 2521.2 1950 5.7 6.6  83 3174.6 1950 5.7 6.6  83 3649.8 1950 5.7 6.6  83 4012.8 1950 5.7 6.6 
84 2521.2 1950 5 5.8  84 3174.6 1950 5 5.8  84 3649.8 1950 5 5.8  84 4012.8 1950 5 5.8 
86 2101 1950 56.3 65.7  86 2645.5 1950 56.3 65.7  86 3041.5 1950 56.3 65.7  86 3344 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
 
181 
 
89 1146 1950 9.7 11.1  89 1443 1950 9.7 11.1  89 1659 1950 9.7 11.1  89 1824 1950 9.7 11.1 
90 1146 1950 6.8 7.8  90 1443 1950 6.8 7.8  90 1659 1950 6.8 7.8  90 1824 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 2521.2 1950 28.1 32.8  93 3174.6 1950 28.1 32.8  93 3649.8 1950 28.1 32.8  93 4012.8 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 1451.6 1950 8.5 9.9  97 1827.8 1950 8.5 9.9  97 2101.4 1950 8.5 9.9  97 2310.4 1950 8.5 9.9 
98 1451.6 1950 7.9 9.2  98 1827.8 1950 7.9 9.2  98 2101.4 1950 7.9 9.2  98 2310.4 1950 7.9 9.2 
99 1451.6 1950 1.4 1.7  99 1827.8 1950 1.4 1.7  99 2101.4 1950 1.4 1.7  99 2310.4 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 1451.6 1950 8.9 10.3  115 1827.8 1950 8.9 10.3  115 2101.4 1950 8.9 10.3  115 2310.4 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 1451.6 1950 3.7 4.3  119 1827.8 1950 3.7 4.3  119 2101.4 1950 3.7 4.3  119 2310.4 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 2521.2 1950 5 5.9  133 3174.6 1950 5 5.9  133 3649.8 1950 5 5.9  133 4012.8 1950 5 5.9 
134 2521.2 1950 8.1 9.4  134 3174.6 1950 8.1 9.4  134 3649.8 1950 8.1 9.4  134 4012.8 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 1146 1950 37.9 43.3  149 1443 1950 37.9 43.3  149 1659 1950 37.9 43.3  149 1824 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 44: Observed Link Flow Files from Hour 13:00 to Hour 16:00 on a Weekend Day 
 
Observed Link Flow at Hour 13:00  Observed Link Flow at Hour 14:00  Observed Link Flow at Hour 15:00  Observed Link Flow at Hour 16:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
 
182 
 
3600 1      3600 1      3600 1      3600 1     
1 1908 1950 18.2 20.7  1 1953 1950 18.2 20.7  1 1941 1950 18.2 20.7  1 1881 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 4197.6 1950 6.6 7.7  4 4296.6 1950 6.6 7.7  4 4270.2 1950 6.6 7.7  4 4138.2 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 2416.8 1950 10.9 12.7  9 2473.8 1950 10.9 12.7  9 2458.6 1950 10.9 12.7  9 2382.6 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 1908 1950 10 11.4  32 1953 1950 10 11.4  32 1941 1950 10 11.4  32 1881 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 2416.8 1950 7.9 9.2  48 2473.8 1950 7.9 9.2  48 2458.6 1950 7.9 9.2  48 2382.6 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
50 4197.6 1950 2.6 3  50 4296.6 1950 2.6 3  50 4270.2 1950 2.6 3  50 4138.2 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 4197.6 1950 7.5 8.7  52 4296.6 1950 7.5 8.7  52 4270.2 1950 7.5 8.7  52 4138.2 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 4197.6 1950 2.8 3.2  55 4296.6 1950 2.8 3.2  55 4270.2 1950 2.8 3.2  55 4138.2 1950 2.8 3.2 
56 4197.6 1950 5.1 5.9  56 4296.6 1950 5.1 5.9  56 4270.2 1950 5.1 5.9  56 4138.2 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 1908 1950 20.6 23.5  61 1953 1950 20.6 23.5  61 1941 1950 20.6 23.5  61 1881 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 1908 1950 10.8 12.4  64 1953 1950 10.8 12.4  64 1941 1950 10.8 12.4  64 1881 1950 10.8 12.4 
65 1908 1950 14.4 16.5  65 1953 1950 14.4 16.5  65 1941 1950 14.4 16.5  65 1881 1950 14.4 16.5 
66 3498 1950 10.4 12.1  66 3580.5 1950 10.4 12.1  66 3558.5 1950 10.4 12.1  66 3448.5 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
 
183 
 
68 3498 1950 17.6 20.5  68 3580.5 1950 17.6 20.5  68 3558.5 1950 17.6 20.5  68 3448.5 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 3498 1950 14.4 16.8  75 3580.5 1950 14.4 16.8  75 3558.5 1950 14.4 16.8  75 3448.5 1950 14.4 16.8 
76 3434.4 1950 11.1 13  76 3515.4 1950 11.1 13  76 3493.8 1950 11.1 13  76 3385.8 1950 11.1 13 
77 4197.6 1950 16.5 19.3  77 4296.6 1950 16.5 19.3  77 4270.2 1950 16.5 19.3  77 4138.2 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 4197.6 1950 5.7 6.6  83 4296.6 1950 5.7 6.6  83 4270.2 1950 5.7 6.6  83 4138.2 1950 5.7 6.6 
84 4197.6 1950 5 5.8  84 4296.6 1950 5 5.8  84 4270.2 1950 5 5.8  84 4138.2 1950 5 5.8 
86 3498 1950 56.3 65.7  86 3580.5 1950 56.3 65.7  86 3558.5 1950 56.3 65.7  86 3448.5 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 1908 1950 9.7 11.1  89 1953 1950 9.7 11.1  89 1941 1950 9.7 11.1  89 1881 1950 9.7 11.1 
90 1908 1950 6.8 7.8  90 1953 1950 6.8 7.8  90 1941 1950 6.8 7.8  90 1881 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 4197.6 1950 28.1 32.8  93 4296.6 1950 28.1 32.8  93 4270.2 1950 28.1 32.8  93 4138.2 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 2416.8 1950 8.5 9.9  97 2473.8 1950 8.5 9.9  97 2458.6 1950 8.5 9.9  97 2382.6 1950 8.5 9.9 
98 2416.8 1950 7.9 9.2  98 2473.8 1950 7.9 9.2  98 2458.6 1950 7.9 9.2  98 2382.6 1950 7.9 9.2 
99 2416.8 1950 1.4 1.7  99 2473.8 1950 1.4 1.7  99 2458.6 1950 1.4 1.7  99 2382.6 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 2416.8 1950 8.9 10.3  115 2473.8 1950 8.9 10.3  115 2458.6 1950 8.9 10.3  115 2382.6 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 2416.8 1950 3.7 4.3  119 2473.8 1950 3.7 4.3  119 2458.6 1950 3.7 4.3  119 2382.6 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 4197.6 1950 5 5.9  133 4296.6 1950 5 5.9  133 4270.2 1950 5 5.9  133 4138.2 1950 5 5.9 
134 4197.6 1950 8.1 9.4  134 4296.6 1950 8.1 9.4  134 4270.2 1950 8.1 9.4  134 4138.2 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
 
184 
 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 1908 1950 37.9 43.3  149 1953 1950 37.9 43.3  149 1941 1950 37.9 43.3  149 1881 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 45: Observed Link Flow Files from Hour 17:00 to Hour 20:00 on a Weekend Day 
 
Observed Link Flow at Hour 17:00  Observed Link Flow at Hour 18:00  Observed Link Flow at Hour 19:00  Observed Link Flow at Hour 20:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156    1 3600 140 156   
3600 1      3600 1      3600 1      3600 1     
1 1920 1950 18.2 20.7  1 1914 1950 18.2 20.7  1 1803 1950 18.2 20.7  1 1539 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6 
4 4224 1950 6.6 7.7  4 4210.8 1950 6.6 7.7  4 3967 1950 6.6 7.7  4 3386 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9 
9 2432 1950 10.9 12.7  9 2424.4 1950 10.9 12.7  9 2284 1950 10.9 12.7  9 1949 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1 
32 1920 1950 10 11.4  32 1914 1950 10 11.4  32 1803 1950 10 11.4  32 1539 1950 10 11.4 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3 
48 2432 1950 7.9 9.2  48 2424.4 1950 7.9 9.2  48 2284 1950 7.9 9.2  48 1949 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6 
 
185 
 
50 4224 1950 2.6 3  50 4210.8 1950 2.6 3  50 3967 1950 2.6 3  50 3386 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2 
52 4224 1950 7.5 8.7  52 4210.8 1950 7.5 8.7  52 3967 1950 7.5 8.7  52 3386 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5 
55 4224 1950 2.8 3.2  55 4210.8 1950 2.8 3.2  55 3967 1950 2.8 3.2  55 3386 1950 2.8 3.2 
56 4224 1950 5.1 5.9  56 4210.8 1950 5.1 5.9  56 3967 1950 5.1 5.9  56 3386 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2 
61 1920 1950 20.6 23.5  61 1914 1950 20.6 23.5  61 1803 1950 20.6 23.5  61 1539 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1 
64 1920 1950 10.8 12.4  64 1914 1950 10.8 12.4  64 1803 1950 10.8 12.4  64 1539 1950 10.8 12.4 
65 1920 1950 14.4 16.5  65 1914 1950 14.4 16.5  65 1803 1950 14.4 16.5  65 1539 1950 14.4 16.5 
66 3520 1950 10.4 12.1  66 3509 1950 10.4 12.1  66 3306 1950 10.4 12.1  66 2822 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2 
68 3520 1950 17.6 20.5  68 3509 1950 17.6 20.5  68 3306 1950 17.6 20.5  68 2822 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6 
75 3520 1950 14.4 16.8  75 3509 1950 14.4 16.8  75 3306 1950 14.4 16.8  75 2822 1950 14.4 16.8 
76 3456 1950 11.1 13  76 3445.2 1950 11.1 13  76 3245 1950 11.1 13  76 2770 1950 11.1 13 
77 4224 1950 16.5 19.3  77 4210.8 1950 16.5 19.3  77 3967 1950 16.5 19.3  77 3386 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8 
83 4224 1950 5.7 6.6  83 4210.8 1950 5.7 6.6  83 3967 1950 5.7 6.6  83 3386 1950 5.7 6.6 
84 4224 1950 5 5.8  84 4210.8 1950 5 5.8  84 3967 1950 5 5.8  84 3386 1950 5 5.8 
86 3520 1950 56.3 65.7  86 3509 1950 56.3 65.7  86 3306 1950 56.3 65.7  86 2822 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3 
89 1920 1950 9.7 11.1  89 1914 1950 9.7 11.1  89 1803 1950 9.7 11.1  89 1539 1950 9.7 11.1 
90 1920 1950 6.8 7.8  90 1914 1950 6.8 7.8  90 1803 1950 6.8 7.8  90 1539 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8 
93 4224 1950 28.1 32.8  93 4210.8 1950 28.1 32.8  93 3967 1950 28.1 32.8  93 3386 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6 
97 2432 1950 8.5 9.9  97 2424.4 1950 8.5 9.9  97 2284 1950 8.5 9.9  97 1949 1950 8.5 9.9 
98 2432 1950 7.9 9.2  98 2424.4 1950 7.9 9.2  98 2284 1950 7.9 9.2  98 1949 1950 7.9 9.2 
99 2432 1950 1.4 1.7  99 2424.4 1950 1.4 1.7  99 2284 1950 1.4 1.7  99 1949 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4 
115 2432 1950 8.9 10.3  115 2424.4 1950 8.9 10.3  115 2284 1950 8.9 10.3  115 1949 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8 
119 2432 1950 3.7 4.3  119 2424.4 1950 3.7 4.3  119 2284 1950 3.7 4.3  119 1949 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9 
 
186 
 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7 
133 4224 1950 5 5.9  133 4210.8 1950 5 5.9  133 3967 1950 5 5.9  133 3386 1950 5 5.9 
134 4224 1950 8.1 9.4  134 4210.8 1950 8.1 9.4  134 3967 1950 8.1 9.4  134 3386 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7 
149 1920 1950 37.9 43.3  149 1914 1950 37.9 43.3  149 1803 1950 37.9 43.3  149 1539 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1 
 
 
Table 46: Observed Link Flow Files from Hour 21:00 to Hour 24:00 on a Weekend Day 
 
Observed Link Flow at Hour 21:00  Observed Link Flow at Hour 22:00  Observed Link Flow at Hour 23:00   Observed Link Flow at Hour 24:00 
1 3600 140 156    1 3600 140 156    1 3600 140 156     1 3600 140 156   
3600 1      3600 1      3600 1       3600 1     
1 1323 1950 18.2 20.7  1 1209 1950 18.2 20.7  1 1206 1950 18.2 20.7   1 1008 1950 18.2 20.7 
2 1 1950 6.9 8.1  2 1 1950 6.9 8.1  2 1 1950 6.9 8.1   2 1 1950 6.9 8.1 
3 1 1950 1.4 1.6  3 1 1950 1.4 1.6  3 1 1950 1.4 1.6   3 1 1950 1.4 1.6 
4 2910.6 1950 6.6 7.7  4 2659.8 1950 6.6 7.7  4 2653.2 1950 6.6 7.7   4 2217.6 1950 6.6 7.7 
5 1 1800 31.8 38.9  5 1 1800 31.8 38.9  5 1 1800 31.8 38.9   5 1 1800 31.8 38.9 
6 1 1950 4 4.7  6 1 1950 4 4.7  6 1 1950 4 4.7   6 1 1950 4 4.7 
7 1 1950 4.1 4.7  7 1 1950 4.1 4.7  7 1 1950 4.1 4.7   7 1 1950 4.1 4.7 
8 1 1950 4.2 4.9  8 1 1950 4.2 4.9  8 1 1950 4.2 4.9   8 1 1950 4.2 4.9 
9 1675.8 1950 10.9 12.7  9 1531.4 1950 10.9 12.7  9 1527.6 1950 10.9 12.7   9 1276.8 1950 10.9 12.7 
10 1 1800 21.3 26  10 1 1800 21.3 26  10 1 1800 21.3 26   10 1 1800 21.3 26 
11 1 1800 18.7 22.8  11 1 1800 18.7 22.8  11 1 1800 18.7 22.8   11 1 1800 18.7 22.8 
13 1 1800 5.9 7.3  13 1 1800 5.9 7.3  13 1 1800 5.9 7.3   13 1 1800 5.9 7.3 
14 1 1800 19.5 23.9  14 1 1800 19.5 23.9  14 1 1800 19.5 23.9   14 1 1800 19.5 23.9 
15 1 1950 4.4 5.1  15 1 1950 4.4 5.1  15 1 1950 4.4 5.1   15 1 1950 4.4 5.1 
16 1 1800 12.3 15  16 1 1800 12.3 15  16 1 1800 12.3 15   16 1 1800 12.3 15 
17 1 1950 2 2.3  17 1 1950 2 2.3  17 1 1950 2 2.3   17 1 1950 2 2.3 
18 1 1950 1.3 1.5  18 1 1950 1.3 1.5  18 1 1950 1.3 1.5   18 1 1950 1.3 1.5 
19 1 1800 23 28.1  19 1 1800 23 28.1  19 1 1800 23 28.1   19 1 1800 23 28.1 
20 1 1800 26.9 32.9  20 1 1800 26.9 32.9  20 1 1800 26.9 32.9   20 1 1800 26.9 32.9 
21 1 1950 4.3 5  21 1 1950 4.3 5  21 1 1950 4.3 5   21 1 1950 4.3 5 
22 1 1800 19 23.2  22 1 1800 19 23.2  22 1 1800 19 23.2   22 1 1800 19 23.2 
23 1 1950 9 10.5  23 1 1950 9 10.5  23 1 1950 9 10.5   23 1 1950 9 10.5 
24 1 1800 16.4 20.1  24 1 1800 16.4 20.1  24 1 1800 16.4 20.1   24 1 1800 16.4 20.1 
25 1 1950 1.4 1.7  25 1 1950 1.4 1.7  25 1 1950 1.4 1.7   25 1 1950 1.4 1.7 
26 1 1800 3.8 4.7  26 1 1800 3.8 4.7  26 1 1800 3.8 4.7   26 1 1800 3.8 4.7 
27 1 1800 2.3 2.8  27 1 1800 2.3 2.8  27 1 1800 2.3 2.8   27 1 1800 2.3 2.8 
28 1 1800 29.1 35.6  28 1 1800 29.1 35.6  28 1 1800 29.1 35.6   28 1 1800 29.1 35.6 
29 1 1950 12.2 14.3  29 1 1950 12.2 14.3  29 1 1950 12.2 14.3   29 1 1950 12.2 14.3 
30 1 1950 1.9 2.2  30 1 1950 1.9 2.2  30 1 1950 1.9 2.2   30 1 1950 1.9 2.2 
31 1 1950 9.7 11.1  31 1 1950 9.7 11.1  31 1 1950 9.7 11.1   31 1 1950 9.7 11.1 
32 1323 1950 10 11.4  32 1209 1950 10 11.4  32 1206 1950 10 11.4   32 1008 1950 10 11.4 
 
187 
 
33 1 1700 13.8 16  33 1 1700 13.8 16  33 1 1700 13.8 16   33 1 1700 13.8 16 
34 1 1950 9.2 10.8  34 1 1950 9.2 10.8  34 1 1950 9.2 10.8   34 1 1950 9.2 10.8 
35 1 1950 1.1 1.3  35 1 1950 1.1 1.3  35 1 1950 1.1 1.3   35 1 1950 1.1 1.3 
36 1 1950 1.6 1.9  36 1 1950 1.6 1.9  36 1 1950 1.6 1.9   36 1 1950 1.6 1.9 
37 1 1950 4.8 5.6  37 1 1950 4.8 5.6  37 1 1950 4.8 5.6   37 1 1950 4.8 5.6 
38 1 1950 1.4 1.6  38 1 1950 1.4 1.6  38 1 1950 1.4 1.6   38 1 1950 1.4 1.6 
39 1 1950 4.7 5.5  39 1 1950 4.7 5.5  39 1 1950 4.7 5.5   39 1 1950 4.7 5.5 
40 1 1950 1.8 2.1  40 1 1950 1.8 2.1  40 1 1950 1.8 2.1   40 1 1950 1.8 2.1 
41 1 1950 1.2 1.4  41 1 1950 1.2 1.4  41 1 1950 1.2 1.4   41 1 1950 1.2 1.4 
42 1 1950 1.2 1.3  42 1 1950 1.2 1.3  42 1 1950 1.2 1.3   42 1 1950 1.2 1.3 
43 1 1950 4.2 4.8  43 1 1950 4.2 4.8  43 1 1950 4.2 4.8   43 1 1950 4.2 4.8 
44 1 1950 1 1.2  44 1 1950 1 1.2  44 1 1950 1 1.2   44 1 1950 1 1.2 
45 1 1950 17.9 20.9  45 1 1950 17.9 20.9  45 1 1950 17.9 20.9   45 1 1950 17.9 20.9 
46 1 1950 10.8 12.5  46 1 1950 10.8 12.5  46 1 1950 10.8 12.5   46 1 1950 10.8 12.5 
47 1 1950 14.8 17.3  47 1 1950 14.8 17.3  47 1 1950 14.8 17.3   47 1 1950 14.8 17.3 
48 1675.8 1950 7.9 9.2  48 1531.4 1950 7.9 9.2  48 1527.6 1950 7.9 9.2   48 1276.8 1950 7.9 9.2 
49 1 2500 4.8 5.6  49 1 2500 4.8 5.6  49 1 2500 4.8 5.6   49 1 2500 4.8 5.6 
50 2910.6 1950 2.6 3  50 2659.8 1950 2.6 3  50 2653.2 1950 2.6 3   50 2217.6 1950 2.6 3 
51 1 1950 6.2 7.2  51 1 1950 6.2 7.2  51 1 1950 6.2 7.2   51 1 1950 6.2 7.2 
52 2910.6 1950 7.5 8.7  52 2659.8 1950 7.5 8.7  52 2653.2 1950 7.5 8.7   52 2217.6 1950 7.5 8.7 
53 1 1950 1.1 1.3  53 1 1950 1.1 1.3  53 1 1950 1.1 1.3   53 1 1950 1.1 1.3 
54 1 1950 1.3 1.5  54 1 1950 1.3 1.5  54 1 1950 1.3 1.5   54 1 1950 1.3 1.5 
55 2910.6 1950 2.8 3.2  55 2659.8 1950 2.8 3.2  55 2653.2 1950 2.8 3.2   55 2217.6 1950 2.8 3.2 
56 2910.6 1950 5.1 5.9  56 2659.8 1950 5.1 5.9  56 2653.2 1950 5.1 5.9   56 2217.6 1950 5.1 5.9 
57 1 1950 6.7 7.8  57 1 1950 6.7 7.8  57 1 1950 6.7 7.8   57 1 1950 6.7 7.8 
58 1 1950 1.3 1.6  58 1 1950 1.3 1.6  58 1 1950 1.3 1.6   58 1 1950 1.3 1.6 
60 1 1950 1.9 2.2  60 1 1950 1.9 2.2  60 1 1950 1.9 2.2   60 1 1950 1.9 2.2 
61 1323 1950 20.6 23.5  61 1209 1950 20.6 23.5  61 1206 1950 20.6 23.5   61 1008 1950 20.6 23.5 
62 1 1950 22.3 25.5  62 1 1950 22.3 25.5  62 1 1950 22.3 25.5   62 1 1950 22.3 25.5 
63 1 1950 10.6 12.1  63 1 1950 10.6 12.1  63 1 1950 10.6 12.1   63 1 1950 10.6 12.1 
64 1323 1950 10.8 12.4  64 1209 1950 10.8 12.4  64 1206 1950 10.8 12.4   64 1008 1950 10.8 12.4 
65 1323 1950 14.4 16.5  65 1209 1950 14.4 16.5  65 1206 1950 14.4 16.5   65 1008 1950 14.4 16.5 
66 2425.5 1950 10.4 12.1  66 2216.5 1950 10.4 12.1  66 2211 1950 10.4 12.1   66 1848 1950 10.4 12.1 
67 1 1950 21.6 25.2  67 1 1950 21.6 25.2  67 1 1950 21.6 25.2   67 1 1950 21.6 25.2 
68 2425.5 1950 17.6 20.5  68 2216.5 1950 17.6 20.5  68 2211 1950 17.6 20.5   68 1848 1950 17.6 20.5 
69 1 1950 22.5 26.2  69 1 1950 22.5 26.2  69 1 1950 22.5 26.2   69 1 1950 22.5 26.2 
70 1 1950 14.1 16.4  70 1 1950 14.1 16.4  70 1 1950 14.1 16.4   70 1 1950 14.1 16.4 
71 1 1950 10.6 12.4  71 1 1950 10.6 12.4  71 1 1950 10.6 12.4   71 1 1950 10.6 12.4 
72 1 1950 4.4 5.2  72 1 1950 4.4 5.2  72 1 1950 4.4 5.2   72 1 1950 4.4 5.2 
73 1 1700 14.2 16.6  73 1 1700 14.2 16.6  73 1 1700 14.2 16.6   73 1 1700 14.2 16.6 
75 2425.5 1950 14.4 16.8  75 2216.5 1950 14.4 16.8  75 2211 1950 14.4 16.8   75 1848 1950 14.4 16.8 
76 2381.4 1950 11.1 13  76 2176.2 1950 11.1 13  76 2170.8 1950 11.1 13   76 1814.4 1950 11.1 13 
77 2910.6 1950 16.5 19.3  77 2659.8 1950 16.5 19.3  77 2653.2 1950 16.5 19.3   77 2217.6 1950 16.5 19.3 
78 1 1700 16.9 19.8  78 1 1700 16.9 19.8  78 1 1700 16.9 19.8   78 1 1700 16.9 19.8 
81 1 1950 4.3 5  81 1 1950 4.3 5  81 1 1950 4.3 5   81 1 1950 4.3 5 
82 1 1950 6.9 8  82 1 1950 6.9 8  82 1 1950 6.9 8   82 1 1950 6.9 8 
83 2910.6 1950 5.7 6.6  83 2659.8 1950 5.7 6.6  83 2653.2 1950 5.7 6.6   83 2217.6 1950 5.7 6.6 
84 2910.6 1950 5 5.8  84 2659.8 1950 5 5.8  84 2653.2 1950 5 5.8   84 2217.6 1950 5 5.8 
86 2425.5 1950 56.3 65.7  86 2216.5 1950 56.3 65.7  86 2211 1950 56.3 65.7   86 1848 1950 56.3 65.7 
87 1 1950 9.2 10.5  87 1 1950 9.2 10.5  87 1 1950 9.2 10.5   87 1 1950 9.2 10.5 
88 1 1950 6.4 7.3  88 1 1950 6.4 7.3  88 1 1950 6.4 7.3   88 1 1950 6.4 7.3 
89 1323 1950 9.7 11.1  89 1209 1950 9.7 11.1  89 1206 1950 9.7 11.1   89 1008 1950 9.7 11.1 
90 1323 1950 6.8 7.8  90 1209 1950 6.8 7.8  90 1206 1950 6.8 7.8   90 1008 1950 6.8 7.8 
91 1 1950 26.2 30.5  91 1 1950 26.2 30.5  91 1 1950 26.2 30.5   91 1 1950 26.2 30.5 
92 1 1950 14.4 16.8  92 1 1950 14.4 16.8  92 1 1950 14.4 16.8   92 1 1950 14.4 16.8 
93 2910.6 1950 28.1 32.8  93 2659.8 1950 28.1 32.8  93 2653.2 1950 28.1 32.8   93 2217.6 1950 28.1 32.8 
95 1 2500 16.6 19.3  95 1 2500 16.6 19.3  95 1 2500 16.6 19.3   95 1 2500 16.6 19.3 
96 1 1950 5.1 6  96 1 1950 5.1 6  96 1 1950 5.1 6   96 1 1950 5.1 6 
97 1675.8 1950 8.5 9.9  97 1531.4 1950 8.5 9.9  97 1527.6 1950 8.5 9.9   97 1276.8 1950 8.5 9.9 
98 1675.8 1950 7.9 9.2  98 1531.4 1950 7.9 9.2  98 1527.6 1950 7.9 9.2   98 1276.8 1950 7.9 9.2 
99 1675.8 1950 1.4 1.7  99 1531.4 1950 1.4 1.7  99 1527.6 1950 1.4 1.7   99 1276.8 1950 1.4 1.7 
100 1 1950 6.7 7.8  100 1 1950 6.7 7.8  100 1 1950 6.7 7.8   100 1 1950 6.7 7.8 
101 1 1950 1.5 1.7  101 1 1950 1.5 1.7  101 1 1950 1.5 1.7   101 1 1950 1.5 1.7 
102 1 1800 8.6 10.5  102 1 1800 8.6 10.5  102 1 1800 8.6 10.5   102 1 1800 8.6 10.5 
103 1 1950 9 10.6  103 1 1950 9 10.6  103 1 1950 9 10.6   103 1 1950 9 10.6 
104 1 1950 3.4 3.9  104 1 1950 3.4 3.9  104 1 1950 3.4 3.9   104 1 1950 3.4 3.9 
 
188 
 
105 1 1950 3.6 4.2  105 1 1950 3.6 4.2  105 1 1950 3.6 4.2   105 1 1950 3.6 4.2 
106 1 1950 2.3 2.7  106 1 1950 2.3 2.7  106 1 1950 2.3 2.7   106 1 1950 2.3 2.7 
107 1 1950 5.6 6.5  107 1 1950 5.6 6.5  107 1 1950 5.6 6.5   107 1 1950 5.6 6.5 
108 1 1950 1.5 1.7  108 1 1950 1.5 1.7  108 1 1950 1.5 1.7   108 1 1950 1.5 1.7 
109 1 1950 1.2 1.4  109 1 1950 1.2 1.4  109 1 1950 1.2 1.4   109 1 1950 1.2 1.4 
112 1 1950 5.3 6.1  112 1 1950 5.3 6.1  112 1 1950 5.3 6.1   112 1 1950 5.3 6.1 
114 1 1950 2.1 2.4  114 1 1950 2.1 2.4  114 1 1950 2.1 2.4   114 1 1950 2.1 2.4 
115 1675.8 1950 8.9 10.3  115 1531.4 1950 8.9 10.3  115 1527.6 1950 8.9 10.3   115 1276.8 1950 8.9 10.3 
116 1 1800 41.5 50.8  116 1 1800 41.5 50.8  116 1 1800 41.5 50.8   116 1 1800 41.5 50.8 
119 1675.8 1950 3.7 4.3  119 1531.4 1950 3.7 4.3  119 1527.6 1950 3.7 4.3   119 1276.8 1950 3.7 4.3 
120 1 1950 3.4 4  120 1 1950 3.4 4  120 1 1950 3.4 4   120 1 1950 3.4 4 
123 1 1950 7.2 8.5  123 1 1950 7.2 8.5  123 1 1950 7.2 8.5   123 1 1950 7.2 8.5 
124 1 1500 8.6 10  124 1 1500 8.6 10  124 1 1500 8.6 10   124 1 1500 8.6 10 
125 1 1950 33.9 39.6  125 1 1950 33.9 39.6  125 1 1950 33.9 39.6   125 1 1950 33.9 39.6 
126 1 1950 3 3.6  126 1 1950 3 3.6  126 1 1950 3 3.6   126 1 1950 3 3.6 
127 1 1950 2.2 2.6  127 1 1950 2.2 2.6  127 1 1950 2.2 2.6   127 1 1950 2.2 2.6 
128 1 1950 1.6 1.9  128 1 1950 1.6 1.9  128 1 1950 1.6 1.9   128 1 1950 1.6 1.9 
129 1 1800 16.5 20.2  129 1 1800 16.5 20.2  129 1 1800 16.5 20.2   129 1 1800 16.5 20.2 
130 1 1800 11.6 14.1  130 1 1800 11.6 14.1  130 1 1800 11.6 14.1   130 1 1800 11.6 14.1 
131 1 1950 37.7 43  131 1 1950 37.7 43  131 1 1950 37.7 43   131 1 1950 37.7 43 
132 1 1800 18.6 22.7  132 1 1800 18.6 22.7  132 1 1800 18.6 22.7   132 1 1800 18.6 22.7 
133 2910.6 1950 5 5.9  133 2659.8 1950 5 5.9  133 2653.2 1950 5 5.9   133 2217.6 1950 5 5.9 
134 2910.6 1950 8.1 9.4  134 2659.8 1950 8.1 9.4  134 2653.2 1950 8.1 9.4   134 2217.6 1950 8.1 9.4 
136 1 1950 1 1.2  136 1 1950 1 1.2  136 1 1950 1 1.2   136 1 1950 1 1.2 
137 1 1950 2 2.3  137 1 1950 2 2.3  137 1 1950 2 2.3   137 1 1950 2 2.3 
138 1 1950 1.7 2  138 1 1950 1.7 2  138 1 1950 1.7 2   138 1 1950 1.7 2 
139 1 1800 7.4 9.1  139 1 1800 7.4 9.1  139 1 1800 7.4 9.1   139 1 1800 7.4 9.1 
140 1 1800 2.1 2.5  140 1 1800 2.1 2.5  140 1 1800 2.1 2.5   140 1 1800 2.1 2.5 
141 1 1800 3.1 3.8  141 1 1800 3.1 3.8  141 1 1800 3.1 3.8   141 1 1800 3.1 3.8 
142 1 1800 9.9 12.1  142 1 1800 9.9 12.1  142 1 1800 9.9 12.1   142 1 1800 9.9 12.1 
143 1 1950 1.8 2.1  143 1 1950 1.8 2.1  143 1 1950 1.8 2.1   143 1 1950 1.8 2.1 
144 1 1950 1.6 1.9  144 1 1950 1.6 1.9  144 1 1950 1.6 1.9   144 1 1950 1.6 1.9 
145 1 1950 3.1 3.6  145 1 1950 3.1 3.6  145 1 1950 3.1 3.6   145 1 1950 3.1 3.6 
146 1 1950 22 25.7  146 1 1950 22 25.7  146 1 1950 22 25.7   146 1 1950 22 25.7 
147 1 1950 4.7 5.4  147 1 1950 4.7 5.4  147 1 1950 4.7 5.4   147 1 1950 4.7 5.4 
148 1 1950 10.3 11.7  148 1 1950 10.3 11.7  148 1 1950 10.3 11.7   148 1 1950 10.3 11.7 
149 1323 1950 37.9 43.3  149 1209 1950 37.9 43.3  149 1206 1950 37.9 43.3   149 1008 1950 37.9 43.3 
151 1 1950 1.4 1.7  151 1 1950 1.4 1.7  151 1 1950 1.4 1.7   151 1 1950 1.4 1.7 
152 1 1950 1.6 1.9  152 1 1950 1.6 1.9  152 1 1950 1.6 1.9   152 1 1950 1.6 1.9 
153 1 1950 0.9 1  153 1 1950 0.9 1  153 1 1950 0.9 1   153 1 1950 0.9 1 
154 1 1950 2 2.3  154 1 1950 2 2.3  154 1 1950 2 2.3   154 1 1950 2 2.3 
155 1 1950 1.7 2  155 1 1950 1.7 2  155 1 1950 1.7 2   155 1 1950 1.7 2 
156 1 1950 1.8 2.1  156 1 1950 1.8 2.1  156 1 1950 1.8 2.1   156 1 1950 1.8 2.1 
 
 
B.2.3.2 Origin Destination Traffic Demands File for a Weekend Day on I-66 (Output from 
QueensOD and Input to INTEGRATION) 
 
O-D on a Weekend Day             
 480 0 0 1           
 1 1 15 0 1 0 3600 1 0 0 0 0 0 1 
 2 1 16 0.8 1 0 3600 1 0 0 0 0 0 1 
 3 5 13 90.2 1 0 3600 1 0 0 0 0 0 1 
 4 8 15 0.6 1 0 3600 1 0 0 0 0 0 1 
 5 10 4 0 1 0 3600 1 0 0 0 0 0 1 
 6 10 15 0.2 1 0 3600 1 0 0 0 0 0 1 
 7 10 16 0.5 1 0 3600 1 0 0 0 0 0 1 
 8 11 4 0.5 1 0 3600 1 0 0 0 0 0 1 
 9 11 15 0.2 1 0 3600 1 0 0 0 0 0 1 
 10 11 18 0.1 1 0 3600 1 0 0 0 0 0 1 
 11 12 15 0.1 1 0 3600 1 0 0 0 0 0 1 
 12 12 18 0.7 1 0 3600 1 0 0 0 0 0 1 
 
189 
 
 13 14 2 149.1 1 0 3600 1 0 0 0 0 0 1 
 14 14 3 433.4 1 0 3600 1 0 0 0 0 0 1 
 15 14 6 13.5 1 0 3600 1 0 0 0 0 0 1 
 16 14 7 13.5 1 0 3600 1 0 0 0 0 0 1 
 17 14 9 279.9 1 0 3600 1 0 0 0 0 0 1 
 18 14 13 606.7 1 0 3600 1 0 0 0 0 0 1 
 19 17 3 20.1 1 0 3600 1 0 0 0 0 0 1 
 20 17 13 147.7 1 0 3600 1 0 0 0 0 0 1 
 21 1 15 0 1 3600 7200 1 0 0 0 0 0 1 
 22 1 16 0.8 1 3600 7200 1 0 0 0 0 0 1 
 23 5 13 64.3 1 3600 7200 1 0 0 0 0 0 1 
 24 8 15 0.6 1 3600 7200 1 0 0 0 0 0 1 
 25 10 4 0 1 3600 7200 1 0 0 0 0 0 1 
 26 10 15 0.2 1 3600 7200 1 0 0 0 0 0 1 
 27 10 16 0.5 1 3600 7200 1 0 0 0 0 0 1 
 28 11 4 0.5 1 3600 7200 1 0 0 0 0 0 1 
 29 11 15 0.2 1 3600 7200 1 0 0 0 0 0 1 
 30 11 18 0.1 1 3600 7200 1 0 0 0 0 0 1 
 31 12 15 0.1 1 3600 7200 1 0 0 0 0 0 1 
 32 12 18 0.7 1 3600 7200 1 0 0 0 0 0 1 
 33 14 2 106.2 1 3600 7200 1 0 0 0 0 0 1 
 34 14 3 308.1 1 3600 7200 1 0 0 0 0 0 1 
 35 14 6 9.7 1 3600 7200 1 0 0 0 0 0 1 
 36 14 7 9.7 1 3600 7200 1 0 0 0 0 0 1 
 37 14 9 199 1 3600 7200 1 0 0 0 0 0 1 
 38 14 13 431.3 1 3600 7200 1 0 0 0 0 0 1 
 39 17 3 14.4 1 3600 7200 1 0 0 0 0 0 1 
 40 17 13 105.1 1 7200 10800 1 0 0 0 0 0 1 
 41 1 15 0 1 7200 10800 1 0 0 0 0 0 1 
 42 1 16 0.8 1 7200 10800 1 0 0 0 0 0 1 
 43 5 13 51.6 1 7200 10800 1 0 0 0 0 0 1 
 44 8 15 0.6 1 7200 10800 1 0 0 0 0 0 1 
 45 10 4 0 1 7200 10800 1 0 0 0 0 0 1 
 46 10 15 0.1 1 7200 10800 1 0 0 0 0 0 1 
 47 10 16 0.5 1 7200 10800 1 0 0 0 0 0 1 
 48 11 4 0.4 1 7200 10800 1 0 0 0 0 0 1 
 49 11 15 0.2 1 7200 10800 1 0 0 0 0 0 1 
 50 11 18 0.2 1 7200 10800 1 0 0 0 0 0 1 
 51 12 15 0.2 1 7200 10800 1 0 0 0 0 0 1 
 52 12 18 0.6 1 7200 10800 1 0 0 0 0 0 1 
 53 14 2 85.2 1 7200 10800 1 0 0 0 0 0 1 
 54 14 3 247.1 1 7200 10800 1 0 0 0 0 0 1 
 55 14 6 8 1 7200 10800 1 0 0 0 0 0 1 
 56 14 7 8 1 7200 10800 1 0 0 0 0 0 1 
 57 14 9 159.5 1 7200 10800 1 0 0 0 0 0 1 
 58 14 13 345.8 1 7200 10800 1 0 0 0 0 0 1 
 59 17 3 11.5 1 7200 10800 1 0 0 0 0 0 1 
 60 17 13 84.2 1 7200 10800 1 0 0 0 0 0 1 
 61 1 15 0 1 10800 14400 1 0 0 0 0 0 1 
 62 1 16 0.8 1 10800 14400 1 0 0 0 0 0 1 
 63 5 13 41.7 1 10800 14400 1 0 0 0 0 0 1 
 64 8 15 0.6 1 10800 14400 1 0 0 0 0 0 1 
 65 10 4 0 1 10800 14400 1 0 0 0 0 0 1 
 66 10 15 0.1 1 10800 14400 1 0 0 0 0 0 1 
 67 10 16 0.5 1 10800 14400 1 0 0 0 0 0 1 
 68 11 4 0.4 1 10800 14400 1 0 0 0 0 0 1 
 69 11 15 0.2 1 10800 14400 1 0 0 0 0 0 1 
 70 11 18 0.2 1 10800 14400 1 0 0 0 0 0 1 
 71 12 15 0.3 1 10800 14400 1 0 0 0 0 0 1 
 72 12 18 0.5 1 10800 14400 1 0 0 0 0 0 1 
 73 14 2 69.1 1 10800 14400 1 0 0 0 0 0 1 
 74 14 3 193.6 1 10800 14400 1 0 0 0 0 0 1 
 75 14 6 6.5 1 10800 14400 1 0 0 0 0 0 1 
 76 14 7 6.5 1 10800 14400 1 0 0 0 0 0 1 
 77 14 9 127.5 1 10800 14400 1 0 0 0 0 0 1 
 78 14 13 271.4 1 10800 14400 1 0 0 0 0 0 1 
 
190 
 
 79 17 3 9.6 1 10800 14400 1 0 0 0 0 0 1 
 80 17 13 67.2 1 10800 14400 1 0 0 0 0 0 1 
 81 1 15 0 1 14400 18000 1 0 0 0 0 0 1 
 82 1 16 0.8 1 14400 18000 1 0 0 0 0 0 1 
 83 5 13 31.1 1 14400 18000 1 0 0 0 0 0 1 
 84 8 15 0.6 1 14400 18000 1 0 0 0 0 0 1 
 85 10 4 0.1 1 14400 18000 1 0 0 0 0 0 1 
 86 10 15 0.1 1 14400 18000 1 0 0 0 0 0 1 
 87 10 16 0.5 1 14400 18000 1 0 0 0 0 0 1 
 88 11 4 0.4 1 14400 18000 1 0 0 0 0 0 1 
 89 11 15 0.1 1 14400 18000 1 0 0 0 0 0 1 
 90 11 18 0.3 1 14400 18000 1 0 0 0 0 0 1 
 91 12 15 0.3 1 14400 18000 1 0 0 0 0 0 1 
 92 12 18 0.5 1 14400 18000 1 0 0 0 0 0 1 
 93 14 2 52 1 14400 18000 1 0 0 0 0 0 1 
 94 14 3 136.8 1 14400 18000 1 0 0 0 0 0 1 
 95 14 6 5.3 1 14400 18000 1 0 0 0 0 0 1 
 96 14 7 5.3 1 14400 18000 1 0 0 0 0 0 1 
 97 14 9 93.3 1 14400 18000 1 0 0 0 0 0 1 
 98 14 13 192.6 1 14400 18000 1 0 0 0 0 0 1 
 99 17 3 7.3 1 14400 18000 1 0 0 0 0 0 1 
 100 17 13 49.1 1 14400 18000 1 0 0 0 0 0 1 
 101 1 15 0 1 14400 18000 1 0 0 0 0 0 1 
 102 1 16 0.8 1 18000 21600 1 0 0 0 0 0 1 
 103 5 13 39.3 1 18000 21600 1 0 0 0 0 0 1 
 104 8 15 0.6 1 18000 21600 1 0 0 0 0 0 1 
 105 10 4 0 1 18000 21600 1 0 0 0 0 0 1 
 106 10 15 0.1 1 18000 21600 1 0 0 0 0 0 1 
 107 10 16 0.5 1 18000 21600 1 0 0 0 0 0 1 
 108 11 4 0.4 1 18000 21600 1 0 0 0 0 0 1 
 109 11 15 0.2 1 18000 21600 1 0 0 0 0 0 1 
 110 11 18 0.2 1 18000 21600 1 0 0 0 0 0 1 
 111 12 15 0.3 1 18000 21600 1 0 0 0 0 0 1 
 112 12 18 0.5 1 18000 21600 1 0 0 0 0 0 1 
 113 14 2 65.1 1 18000 21600 1 0 0 0 0 0 1 
 114 14 3 180.4 1 18000 21600 1 0 0 0 0 0 1 
 115 14 6 6.3 1 18000 21600 1 0 0 0 0 0 1 
 116 14 7 6.3 1 18000 21600 1 0 0 0 0 0 1 
 117 14 9 119.6 1 18000 21600 1 0 0 0 0 0 1 
 118 14 13 253.4 1 18000 21600 1 0 0 0 0 0 1 
 119 17 3 9 1 18000 21600 1 0 0 0 0 0 1 
 120 17 13 63.1 1 18000 21600 1 0 0 0 0 0 1 
 121 1 15 0 1 21600 25200 1 0 0 0 0 0 1 
 122 1 16 0.8 1 21600 25200 1 0 0 0 0 0 1 
 123 5 13 61.1 1 21600 25200 1 0 0 0 0 0 1 
 124 8 15 0.6 1 21600 25200 1 0 0 0 0 0 1 
 125 10 4 0 1 21600 25200 1 0 0 0 0 0 1 
 126 10 15 0.2 1 21600 25200 1 0 0 0 0 0 1 
 127 10 16 0.5 1 21600 25200 1 0 0 0 0 0 1 
 128 11 4 0.5 1 21600 25200 1 0 0 0 0 0 1 
 129 11 15 0.2 1 21600 25200 1 0 0 0 0 0 1 
 130 11 18 0.1 1 21600 25200 1 0 0 0 0 0 1 
 131 12 15 0.1 1 21600 25200 1 0 0 0 0 0 1 
 132 12 18 0.7 1 21600 25200 1 0 0 0 0 0 1 
 133 14 2 100.8 1 21600 25200 1 0 0 0 0 0 1 
 134 14 3 292.5 1 21600 25200 1 0 0 0 0 0 1 
 135 14 6 9.2 1 21600 25200 1 0 0 0 0 0 1 
 136 14 7 9.2 1 21600 25200 1 0 0 0 0 0 1 
 137 14 9 188.9 1 21600 25200 1 0 0 0 0 0 1 
 138 14 13 409.4 1 21600 25200 1 0 0 0 0 0 1 
 139 17 3 13.6 1 21600 25200 1 0 0 0 0 0 1 
 140 17 13 99.7 1 25200 28800 1 0 0 0 0 0 1 
 141 1 15 0 1 25200 28800 1 0 0 0 0 0 1 
 142 1 16 0.8 1 25200 28800 1 0 0 0 0 0 1 
 143 5 13 94.1 1 25200 28800 1 0 0 0 0 0 1 
 144 8 15 0.6 1 25200 28800 1 0 0 0 0 0 1 
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 145 10 4 0 1 25200 28800 1 0 0 0 0 0 1 
 146 10 15 0.2 1 25200 28800 1 0 0 0 0 0 1 
 147 10 16 0.5 1 25200 28800 1 0 0 0 0 0 1 
 148 11 4 0.5 1 25200 28800 1 0 0 0 0 0 1 
 149 11 15 0.2 1 25200 28800 1 0 0 0 0 0 1 
 150 11 18 0.1 1 25200 28800 1 0 0 0 0 0 1 
 151 12 15 0.1 1 25200 28800 1 0 0 0 0 0 1 
 152 12 18 0.7 1 25200 28800 1 0 0 0 0 0 1 
 153 14 2 155.6 1 25200 28800 1 0 0 0 0 0 1 
 154 14 3 452.2 1 25200 28800 1 0 0 0 0 0 1 
 155 14 6 14 1 25200 28800 1 0 0 0 0 0 1 
 156 14 7 14 1 25200 28800 1 0 0 0 0 0 1 
 157 14 9 292 1 25200 28800 1 0 0 0 0 0 1 
 158 14 13 633 1 25200 28800 1 0 0 0 0 0 1 
 159 17 3 21 1 25200 28800 1 0 0 0 0 0 1 
 160 17 13 154 1 25200 28800 1 0 0 0 0 0 1 
 161 1 15 0 1 28800 32400 1 0 0 0 0 0 1 
 162 1 16 0.8 1 28800 32400 1 0 0 0 0 0 1 
 163 5 13 124.2 1 28800 32400 1 0 0 0 0 0 1 
 164 8 15 0.7 1 28800 32400 1 0 0 0 0 0 1 
 165 10 4 0 1 28800 32400 1 0 0 0 0 0 1 
 166 10 15 0.2 1 28800 32400 1 0 0 0 0 0 1 
 167 10 16 0.5 1 28800 32400 1 0 0 0 0 0 1 
 168 11 4 0.5 1 28800 32400 1 0 0 0 0 0 1 
 169 11 15 0.2 1 28800 32400 1 0 0 0 0 0 1 
 170 11 18 0.1 1 28800 32400 1 0 0 0 0 0 1 
 171 12 15 0.1 1 28800 32400 1 0 0 0 0 0 1 
 172 12 18 0.7 1 28800 32400 1 0 0 0 0 0 1 
 173 14 2 205.5 1 28800 32400 1 0 0 0 0 0 1 
 174 14 3 597.8 1 28800 32400 1 0 0 0 0 0 1 
 175 14 6 18.5 1 28800 32400 1 0 0 0 0 0 1 
 176 14 7 18.5 1 28800 32400 1 0 0 0 0 0 1 
 177 14 9 386.1 1 28800 32400 1 0 0 0 0 0 1 
 178 14 13 837 1 28800 32400 1 0 0 0 0 0 1 
 179 17 3 27.6 1 28800 32400 1 0 0 0 0 0 1 
 180 17 13 203.6 1 28800 32400 1 0 0 0 0 0 1 
 181 1 15 0 1 32400 36000 1 0 0 0 0 0 1 
 182 1 16 0.9 1 32400 36000 1 0 0 0 0 0 1 
 183 5 13 156.3 1 32400 36000 1 0 0 0 0 0 1 
 184 8 15 0.7 1 32400 36000 1 0 0 0 0 0 1 
 185 10 4 0.1 1 32400 36000 1 0 0 0 0 0 1 
 186 10 15 0.2 1 32400 36000 1 0 0 0 0 0 1 
 187 10 16 0.5 1 32400 36000 1 0 0 0 0 0 1 
 188 11 4 0.5 1 32400 36000 1 0 0 0 0 0 1 
 189 11 15 0.2 1 32400 36000 1 0 0 0 0 0 1 
 190 11 18 0.1 1 32400 36000 1 0 0 0 0 0 1 
 191 12 15 0.1 1 32400 36000 1 0 0 0 0 0 1 
 192 12 18 0.7 1 32400 36000 1 0 0 0 0 0 1 
 193 14 2 258.7 1 32400 36000 1 0 0 0 0 0 1 
 194 14 3 752.8 1 32400 36000 1 0 0 0 0 0 1 
 195 14 6 23.2 1 32400 36000 1 0 0 0 0 0 1 
 196 14 7 23.2 1 32400 36000 1 0 0 0 0 0 1 
 197 14 9 486 1 32400 36000 1 0 0 0 0 0 1 
 198 14 13 1054 1 32400 36000 1 0 0 0 0 0 1 
 199 17 3 34.6 1 32400 36000 1 0 0 0 0 0 1 
 200 17 13 256.4 1 32400 36000 1 0 0 0 0 0 1 
 201 1 15 0 1 32400 36000 1 0 0 0 0 0 1 
 202 1 16 0.9 1 36000 39600 1 0 0 0 0 0 1 
 203 5 13 179.6 1 36000 39600 1 0 0 0 0 0 1 
 204 8 15 0.7 1 36000 39600 1 0 0 0 0 0 1 
 205 10 4 0.1 1 36000 39600 1 0 0 0 0 0 1 
 206 10 15 0.1 1 36000 39600 1 0 0 0 0 0 1 
 207 10 16 0.5 1 36000 39600 1 0 0 0 0 0 1 
 208 11 4 0.6 1 36000 39600 1 0 0 0 0 0 1 
 209 11 15 0.2 1 36000 39600 1 0 0 0 0 0 1 
 210 11 18 0 1 36000 39600 1 0 0 0 0 0 1 
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 211 12 15 0.1 1 36000 39600 1 0 0 0 0 0 1 
 212 12 18 0.7 1 36000 39600 1 0 0 0 0 0 1 
 213 14 2 297.3 1 36000 39600 1 0 0 0 0 0 1 
 214 14 3 865.6 1 36000 39600 1 0 0 0 0 0 1 
 215 14 6 26.6 1 36000 39600 1 0 0 0 0 0 1 
 216 14 7 26.6 1 36000 39600 1 0 0 0 0 0 1 
 217 14 9 558.8 1 36000 39600 1 0 0 0 0 0 1 
 218 14 13 1211.8 1 36000 39600 1 0 0 0 0 0 1 
 219 17 3 39.9 1 36000 39600 1 0 0 0 0 0 1 
 220 17 13 294.7 1 36000 39600 1 0 0 0 0 0 1 
 221 1 15 0 1 39600 43200 1 0 0 0 0 0 1 
 222 1 16 0.9 1 39600 43200 1 0 0 0 0 0 1 
 223 5 13 197.4 1 39600 43200 1 0 0 0 0 0 1 
 224 8 15 0.7 1 39600 43200 1 0 0 0 0 0 1 
 225 10 4 0.1 1 39600 43200 1 0 0 0 0 0 1 
 226 10 15 0.1 1 39600 43200 1 0 0 0 0 0 1 
 227 10 16 0.5 1 39600 43200 1 0 0 0 0 0 1 
 228 11 4 0.6 1 39600 43200 1 0 0 0 0 0 1 
 229 11 15 0.2 1 39600 43200 1 0 0 0 0 0 1 
 230 11 18 0 1 39600 43200 1 0 0 0 0 0 1 
 231 12 15 0.1 1 39600 43200 1 0 0 0 0 0 1 
 232 12 18 0.7 1 39600 43200 1 0 0 0 0 0 1 
 233 14 2 326.9 1 39600 43200 1 0 0 0 0 0 1 
 234 14 3 951.8 1 39600 43200 1 0 0 0 0 0 1 
 235 14 6 29.3 1 39600 43200 1 0 0 0 0 0 1 
 236 14 7 29.3 1 39600 43200 1 0 0 0 0 0 1 
 237 14 9 614.4 1 39600 43200 1 0 0 0 0 0 1 
 238 14 13 1332.4 1 39600 43200 1 0 0 0 0 0 1 
 239 17 3 43.8 1 39600 43200 1 0 0 0 0 0 1 
 240 17 13 324 1 39600 43200 1 0 0 0 0 0 1 
 241 1 15 0 1 43200 46800 1 0 0 0 0 0 1 
 242 1 16 0.9 1 43200 46800 1 0 0 0 0 0 1 
 243 5 13 206.5 1 43200 46800 1 0 0 0 0 0 1 
 244 8 15 0.7 1 43200 46800 1 0 0 0 0 0 1 
 245 10 4 0.1 1 43200 46800 1 0 0 0 0 0 1 
 246 10 15 0.1 1 43200 46800 1 0 0 0 0 0 1 
 247 10 16 0.5 1 43200 46800 1 0 0 0 0 0 1 
 248 11 4 0.6 1 43200 46800 1 0 0 0 0 0 1 
 249 11 15 0.2 1 43200 46800 1 0 0 0 0 0 1 
 250 11 18 0 1 43200 46800 1 0 0 0 0 0 1 
 251 12 15 0.1 1 43200 46800 1 0 0 0 0 0 1 
 252 12 18 0.7 1 43200 46800 1 0 0 0 0 0 1 
 253 14 2 341.9 1 43200 46800 1 0 0 0 0 0 1 
 254 14 3 995.5 1 43200 46800 1 0 0 0 0 0 1 
 255 14 6 30.6 1 43200 46800 1 0 0 0 0 0 1 
 256 14 7 30.6 1 43200 46800 1 0 0 0 0 0 1 
 257 14 9 642.7 1 43200 46800 1 0 0 0 0 0 1 
 258 14 13 1393.9 1 43200 46800 1 0 0 0 0 0 1 
 259 17 3 45.7 1 43200 46800 1 0 0 0 0 0 1 
 260 17 13 339 1 43200 46800 1 0 0 0 0 0 1 
 261 1 15 0 1 46800 50400 1 0 0 0 0 0 1 
 262 1 16 0.9 1 46800 50400 1 0 0 0 0 0 1 
 263 5 13 211.4 1 46800 50400 1 0 0 0 0 0 1 
 264 8 15 0.7 1 46800 50400 1 0 0 0 0 0 1 
 265 10 4 0.1 1 46800 50400 1 0 0 0 0 0 1 
 266 10 15 0.1 1 46800 50400 1 0 0 0 0 0 1 
 267 10 16 0.5 1 46800 50400 1 0 0 0 0 0 1 
 268 11 4 0.6 1 46800 50400 1 0 0 0 0 0 1 
 269 11 15 0.2 1 46800 50400 1 0 0 0 0 0 1 
 270 11 18 0 1 46800 50400 1 0 0 0 0 0 1 
 271 12 15 0.1 1 46800 50400 1 0 0 0 0 0 1 
 272 12 18 0.7 1 46800 50400 1 0 0 0 0 0 1 
 273 14 2 350 1 46800 50400 1 0 0 0 0 0 1 
 274 14 3 1019 1 46800 50400 1 0 0 0 0 0 1 
 275 14 6 31.2 1 46800 50400 1 0 0 0 0 0 1 
 276 14 7 31.2 1 46800 50400 1 0 0 0 0 0 1 
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 277 14 9 657.9 1 46800 50400 1 0 0 0 0 0 1 
 278 14 13 1426.7 1 46800 50400 1 0 0 0 0 0 1 
 279 17 3 46.8 1 46800 50400 1 0 0 0 0 0 1 
 280 17 13 347 1 46800 50400 1 0 0 0 0 0 1 
 281 1 15 0 1 50400 54000 1 0 0 0 0 0 1 
 282 1 16 0.9 1 50400 54000 1 0 0 0 0 0 1 
 283 5 13 210.1 1 50400 54000 1 0 0 0 0 0 1 
 284 8 15 0.7 1 50400 54000 1 0 0 0 0 0 1 
 285 10 4 0.1 1 50400 54000 1 0 0 0 0 0 1 
 286 10 15 0.1 1 50400 54000 1 0 0 0 0 0 1 
 287 10 16 0.5 1 50400 54000 1 0 0 0 0 0 1 
 288 11 4 0.6 1 50400 54000 1 0 0 0 0 0 1 
 289 11 15 0.2 1 50400 54000 1 0 0 0 0 0 1 
 290 11 18 0 1 50400 54000 1 0 0 0 0 0 1 
 291 12 15 0.1 1 50400 54000 1 0 0 0 0 0 1 
 292 12 18 0.7 1 50400 54000 1 0 0 0 0 0 1 
 293 14 2 347.9 1 50400 54000 1 0 0 0 0 0 1 
 294 14 3 1012.8 1 50400 54000 1 0 0 0 0 0 1 
 295 14 6 31 1 50400 54000 1 0 0 0 0 0 1 
 296 14 7 31 1 50400 54000 1 0 0 0 0 0 1 
 297 14 9 653.9 1 50400 54000 1 0 0 0 0 0 1 
 298 14 13 1417.9 1 50400 54000 1 0 0 0 0 0 1 
 299 17 3 46.6 1 50400 54000 1 0 0 0 0 0 1 
 300 17 13 344.9 1 50400 54000 1 0 0 0 0 0 1 
 301 1 15 0 1 54000 57600 1 0 0 0 0 0 1 
 302 1 16 0.9 1 54000 57600 1 0 0 0 0 0 1 
 303 5 13 203.6 1 54000 57600 1 0 0 0 0 0 1 
 304 8 15 0.7 1 54000 57600 1 0 0 0 0 0 1 
 305 10 4 0.1 1 54000 57600 1 0 0 0 0 0 1 
 306 10 15 0.1 1 54000 57600 1 0 0 0 0 0 1 
 307 10 16 0.5 1 54000 57600 1 0 0 0 0 0 1 
 308 11 4 0.6 1 54000 57600 1 0 0 0 0 0 1 
 309 11 15 0.2 1 54000 57600 1 0 0 0 0 0 1 
 310 11 18 0 1 54000 57600 1 0 0 0 0 0 1 
 311 12 15 0.1 1 54000 57600 1 0 0 0 0 0 1 
 312 12 18 0.7 1 54000 57600 1 0 0 0 0 0 1 
 313 14 2 337.1 1 54000 57600 1 0 0 0 0 0 1 
 314 14 3 981.4 1 54000 57600 1 0 0 0 0 0 1 
 315 14 6 30 1 54000 57600 1 0 0 0 0 0 1 
 316 14 7 30 1 54000 57600 1 0 0 0 0 0 1 
 317 14 9 633.7 1 54000 57600 1 0 0 0 0 0 1 
 318 14 13 1374.1 1 54000 57600 1 0 0 0 0 0 1 
 319 17 3 45.2 1 54000 57600 1 0 0 0 0 0 1 
 320 17 13 334.2 1 54000 57600 1 0 0 0 0 0 1 
 321 1 15 0 1 57600 61200 1 0 0 0 0 0 1 
 322 1 16 0.9 1 57600 61200 1 0 0 0 0 0 1 
 323 5 13 207.8 1 57600 61200 1 0 0 0 0 0 1 
 324 8 15 0.7 1 57600 61200 1 0 0 0 0 0 1 
 325 10 4 0.1 1 57600 61200 1 0 0 0 0 0 1 
 326 10 15 0.1 1 57600 61200 1 0 0 0 0 0 1 
 327 10 16 0.5 1 57600 61200 1 0 0 0 0 0 1 
 328 11 4 0.6 1 57600 61200 1 0 0 0 0 0 1 
 329 11 15 0.2 1 57600 61200 1 0 0 0 0 0 1 
 330 11 18 0 1 57600 61200 1 0 0 0 0 0 1 
 331 12 15 0.1 1 57600 61200 1 0 0 0 0 0 1 
 332 12 18 0.7 1 57600 61200 1 0 0 0 0 0 1 
 333 14 2 344.2 1 57600 61200 1 0 0 0 0 0 1 
 334 14 3 1002 1 57600 61200 1 0 0 0 0 0 1 
 335 14 6 30.7 1 57600 61200 1 0 0 0 0 0 1 
 336 14 7 30.7 1 57600 61200 1 0 0 0 0 0 1 
 337 14 9 646.9 1 57600 61200 1 0 0 0 0 0 1 
 338 14 13 1402.6 1 57600 61200 1 0 0 0 0 0 1 
 339 17 3 46.2 1 57600 61200 1 0 0 0 0 0 1 
 340 17 13 341.1 1 57600 61200 1 0 0 0 0 0 1 
 341 1 15 0 1 61200 64800 1 0 0 0 0 0 1 
 342 1 16 0.9 1 61200 64800 1 0 0 0 0 0 1 
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 343 5 13 207.1 1 61200 64800 1 0 0 0 0 0 1 
 344 8 15 0.7 1 61200 64800 1 0 0 0 0 0 1 
 345 10 4 0.1 1 61200 64800 1 0 0 0 0 0 1 
 346 10 15 0.1 1 61200 64800 1 0 0 0 0 0 1 
 347 10 16 0.5 1 61200 64800 1 0 0 0 0 0 1 
 348 11 4 0.6 1 61200 64800 1 0 0 0 0 0 1 
 349 11 15 0.2 1 61200 64800 1 0 0 0 0 0 1 
 350 11 18 0 1 61200 64800 1 0 0 0 0 0 1 
 351 12 15 0.1 1 61200 64800 1 0 0 0 0 0 1 
 352 12 18 0.7 1 61200 64800 1 0 0 0 0 0 1 
 353 14 2 343 1 61200 64800 1 0 0 0 0 0 1 
 354 14 3 998.7 1 61200 64800 1 0 0 0 0 0 1 
 355 14 6 30.7 1 61200 64800 1 0 0 0 0 0 1 
 356 14 7 30.7 1 61200 64800 1 0 0 0 0 0 1 
 357 14 9 644.7 1 61200 64800 1 0 0 0 0 0 1 
 358 14 13 1398.2 1 61200 64800 1 0 0 0 0 0 1 
 359 17 3 45.9 1 61200 64800 1 0 0 0 0 0 1 
 360 17 13 340 1 61200 64800 1 0 0 0 0 0 1 
 361 1 15 0 1 64800 68400 1 0 0 0 0 0 1 
 362 1 16 0.9 1 64800 68400 1 0 0 0 0 0 1 
 363 5 13 195.2 1 64800 68400 1 0 0 0 0 0 1 
 364 8 15 0.7 1 64800 68400 1 0 0 0 0 0 1 
 365 10 4 0.1 1 64800 68400 1 0 0 0 0 0 1 
 366 10 15 0.1 1 64800 68400 1 0 0 0 0 0 1 
 367 10 16 0.5 1 64800 68400 1 0 0 0 0 0 1 
 368 11 4 0.6 1 64800 68400 1 0 0 0 0 0 1 
 369 11 15 0.2 1 64800 68400 1 0 0 0 0 0 1 
 370 11 18 0 1 64800 68400 1 0 0 0 0 0 1 
 371 12 15 0.1 1 64800 68400 1 0 0 0 0 0 1 
 372 12 18 0.7 1 64800 68400 1 0 0 0 0 0 1 
 373 14 2 323.1 1 64800 68400 1 0 0 0 0 0 1 
 374 14 3 940.7 1 64800 68400 1 0 0 0 0 0 1 
 375 14 6 28.8 1 64800 68400 1 0 0 0 0 0 1 
 376 14 7 28.8 1 64800 68400 1 0 0 0 0 0 1 
 377 14 9 607.3 1 64800 68400 1 0 0 0 0 0 1 
 378 14 13 1317.1 1 64800 68400 1 0 0 0 0 0 1 
 379 17 3 43.2 1 64800 68400 1 0 0 0 0 0 1 
 380 17 13 320.3 1 64800 68400 1 0 0 0 0 0 1 
 381 1 15 0 1 68400 72000 1 0 0 0 0 0 1 
 382 1 16 0.9 1 68400 72000 1 0 0 0 0 0 1 
 383 5 13 166.6 1 68400 72000 1 0 0 0 0 0 1 
 384 8 15 0.7 1 68400 72000 1 0 0 0 0 0 1 
 385 10 4 0.1 1 68400 72000 1 0 0 0 0 0 1 
 386 10 15 0.2 1 68400 72000 1 0 0 0 0 0 1 
 387 10 16 0.5 1 68400 72000 1 0 0 0 0 0 1 
 388 11 4 0.5 1 68400 72000 1 0 0 0 0 0 1 
 389 11 15 0.2 1 68400 72000 1 0 0 0 0 0 1 
 390 11 18 0 1 68400 72000 1 0 0 0 0 0 1 
 391 12 15 0.1 1 68400 72000 1 0 0 0 0 0 1 
 392 12 18 0.7 1 68400 72000 1 0 0 0 0 0 1 
 393 14 2 275.9 1 68400 72000 1 0 0 0 0 0 1 
 394 14 3 802.9 1 68400 72000 1 0 0 0 0 0 1 
 395 14 6 24.7 1 68400 72000 1 0 0 0 0 0 1 
 396 14 7 24.7 1 68400 72000 1 0 0 0 0 0 1 
 397 14 9 518.3 1 68400 72000 1 0 0 0 0 0 1 
 398 14 13 1124.1 1 68400 72000 1 0 0 0 0 0 1 
 399 17 3 37 1 68400 72000 1 0 0 0 0 0 1 
 400 17 13 273.4 1 68400 72000 1 0 0 0 0 0 1 
 401 1 15 0 1 72000 75600 1 0 0 0 0 0 1 
 402 1 16 0.9 1 72000 75600 1 0 0 0 0 0 1 
 403 5 13 143.3 1 72000 75600 1 0 0 0 0 0 1 
 404 8 15 0.7 1 72000 75600 1 0 0 0 0 0 1 
 405 10 4 0 1 72000 75600 1 0 0 0 0 0 1 
 406 10 15 0.2 1 72000 75600 1 0 0 0 0 0 1 
 407 10 16 0.5 1 72000 75600 1 0 0 0 0 0 1 
 408 11 4 0.5 1 72000 75600 1 0 0 0 0 0 1 
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 409 11 15 0.2 1 72000 75600 1 0 0 0 0 0 1 
 410 11 18 0.1 1 72000 75600 1 0 0 0 0 0 1 
 411 12 15 0.1 1 72000 75600 1 0 0 0 0 0 1 
 412 12 18 0.7 1 72000 75600 1 0 0 0 0 0 1 
 413 14 2 237.2 1 72000 75600 1 0 0 0 0 0 1 
 414 14 3 690.2 1 72000 75600 1 0 0 0 0 0 1 
 415 14 6 21.3 1 72000 75600 1 0 0 0 0 0 1 
 416 14 7 21.3 1 72000 75600 1 0 0 0 0 0 1 
 417 14 9 445.6 1 72000 75600 1 0 0 0 0 0 1 
 418 14 13 966.3 1 72000 75600 1 0 0 0 0 0 1 
 419 17 3 31.8 1 72000 75600 1 0 0 0 0 0 1 
 420 17 13 235.1 1 72000 75600 1 0 0 0 0 0 1 
 421 1 15 0 1 75600 79200 1 0 0 0 0 0 1 
 422 1 16 0.8 1 75600 79200 1 0 0 0 0 0 1 
 423 5 13 131 1 75600 79200 1 0 0 0 0 0 1 
 424 8 15 0.7 1 75600 79200 1 0 0 0 0 0 1 
 425 10 4 0 1 75600 79200 1 0 0 0 0 0 1 
 426 10 15 0.2 1 75600 79200 1 0 0 0 0 0 1 
 427 10 16 0.5 1 75600 79200 1 0 0 0 0 0 1 
 428 11 4 0.5 1 75600 79200 1 0 0 0 0 0 1 
 429 11 15 0.2 1 75600 79200 1 0 0 0 0 0 1 
 430 11 18 0.1 1 75600 79200 1 0 0 0 0 0 1 
 431 12 15 0.1 1 75600 79200 1 0 0 0 0 0 1 
 432 12 18 0.7 1 75600 79200 1 0 0 0 0 0 1 
 433 14 2 216.8 1 75600 79200 1 0 0 0 0 0 1 
 434 14 3 630.7 1 75600 79200 1 0 0 0 0 0 1 
 435 14 6 19.5 1 75600 79200 1 0 0 0 0 0 1 
 436 14 7 19.5 1 75600 79200 1 0 0 0 0 0 1 
 437 14 9 407.2 1 75600 79200 1 0 0 0 0 0 1 
 438 14 13 882.9 1 75600 79200 1 0 0 0 0 0 1 
 439 17 3 29.1 1 75600 79200 1 0 0 0 0 0 1 
 440 17 13 214.8 1 75600 79200 1 0 0 0 0 0 1 
 441 1 15 0 1 79200 82800 1 0 0 0 0 0 1 
 442 1 16 0.8 1 79200 82800 1 0 0 0 0 0 1 
 443 5 13 130.7 1 79200 82800 1 0 0 0 0 0 1 
 444 8 15 0.7 1 79200 82800 1 0 0 0 0 0 1 
 445 10 4 0 1 79200 82800 1 0 0 0 0 0 1 
 446 10 15 0.2 1 79200 82800 1 0 0 0 0 0 1 
 447 10 16 0.5 1 79200 82800 1 0 0 0 0 0 1 
 448 11 4 0.5 1 79200 82800 1 0 0 0 0 0 1 
 449 11 15 0.2 1 79200 82800 1 0 0 0 0 0 1 
 450 11 18 0.1 1 79200 82800 1 0 0 0 0 0 1 
 451 12 15 0.1 1 79200 82800 1 0 0 0 0 0 1 
 452 12 18 0.7 1 79200 82800 1 0 0 0 0 0 1 
 453 14 2 216.3 1 79200 82800 1 0 0 0 0 0 1 
 454 14 3 629.2 1 79200 82800 1 0 0 0 0 0 1 
 455 14 6 19.5 1 79200 82800 1 0 0 0 0 0 1 
 456 14 7 19.5 1 79200 82800 1 0 0 0 0 0 1 
 457 14 9 406.3 1 79200 82800 1 0 0 0 0 0 1 
 458 14 13 880.8 1 79200 82800 1 0 0 0 0 0 1 
 459 17 3 29 1 79200 82800 1 0 0 0 0 0 1 
 460 17 13 214.3 1 79200 82800 1 0 0 0 0 0 1 
 461 1 15 0 1 82800 86400 1 0 0 0 0 0 1 
 462 1 16 0.8 1 82800 86400 1 0 0 0 0 0 1 
 463 5 13 109.3 1 82800 86400 1 0 0 0 0 0 1 
 464 8 15 0.7 1 82800 86400 1 0 0 0 0 0 1 
 465 10 4 0 1 82800 86400 1 0 0 0 0 0 1 
 466 10 15 0.2 1 82800 86400 1 0 0 0 0 0 1 
 467 10 16 0.5 1 82800 86400 1 0 0 0 0 0 1 
 468 11 4 0.5 1 82800 86400 1 0 0 0 0 0 1 
 469 11 15 0.2 1 82800 86400 1 0 0 0 0 0 1 
 470 11 18 0.1 1 82800 86400 1 0 0 0 0 0 1 
 471 12 15 0.1 1 82800 86400 1 0 0 0 0 0 1 
 472 12 18 0.7 1 82800 86400 1 0 0 0 0 0 1 
 473 14 2 180.8 1 82800 86400 1 0 0 0 0 0 1 
 474 14 3 525.8 1 82800 86400 1 0 0 0 0 0 1 
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 475 14 6 16.4 1 82800 86400 1 0 0 0 0 0 1 
 476 14 7 16.4 1 82800 86400 1 0 0 0 0 0 1 
 477 14 9 339.5 1 82800 86400 1 0 0 0 0 0 1 
 478 14 13 736.1 1 82800 86400 1 0 0 0 0 0 1 
 479 17 3 24.2 1 82800 86400 1 0 0 0 0 0 1 
 480 17 13 179.1 1 82800 86400 1 0 0 0 0 0 1 
 
B.2.4 Input Files Specific to Traffic Management Plans 
B.2.4.1 Incident or Lane Blockage File for Continuous Closure of One Lane on a Weekday 
 
Weekday One Lane Continuous Closure 
-6       
1 56 0.01 0.147578 1 86400 1 
2 83 0.01 0.165651 1 86400 1 
3 84 0.01 0.145386 1 86400 1 
4 93 0.01 0.818966 1 86400 1 
5 133 0.01 0.146324 1 86400 1 
6 134 0.01 0.235361 1 86400 1 
 
B.2.4.2 Incident or Lane Blockage File for Night Closure of One Lane on a Weekday 
 
Weekday One Lane Night Closure 
-12       
1 56 0.01 0.147578 1 21600 1 
2 83 0.01 0.165651 1 21600 1 
3 84 0.01 0.145386 1 21600 1 
4 93 0.01 0.818966 1 21600 1 
5 133 0.01 0.146324 1 21600 1 
6 134 0.01 0.235361 1 21600 1 
7 56 0.01 0.147578 72000 86400 1 
8 83 0.01 0.165651 72000 86400 1 
9 84 0.01 0.145386 72000 86400 1 
10 93 0.01 0.818966 72000 86400 1 
11 133 0.01 0.146324 72000 86400 1 
12 134 0.01 0.235361 72000 86400 1 
 
B.2.4.3 Incident or Lane Blockage File for Continuous Closure of One Lane on a Weekend 
Day 
 
Weekend One Lane Continuous Closure 
-6       
1 56 0.01 0.147578 1 86400 1 
2 83 0.01 0.165651 1 86400 1 
3 84 0.01 0.145386 1 86400 1 
4 93 0.01 0.818966 1 86400 1 
5 133 0.01 0.146324 1 86400 1 
6 134 0.01 0.235361 1 86400 1 
 
B.2.4.4 Incident or Lane Blockage File for Night Closure of One Lane on a Weekend Day 
 
Weekend One Lane Night Closure 
-12       
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1 56 0.01 0.147578 1 21600 1 
2 83 0.01 0.165651 1 21600 1 
3 84 0.01 0.145386 1 21600 1 
4 93 0.01 0.818966 1 21600 1 
5 133 0.01 0.146324 1 21600 1 
6 134 0.01 0.235361 1 21600 1 
7 56 0.01 0.147578 72000 86400 1 
8 83 0.01 0.165651 72000 86400 1 
9 84 0.01 0.145386 72000 86400 1 
10 93 0.01 0.818966 72000 86400 1 
11 133 0.01 0.146324 72000 86400 1 
12 134 0.01 0.235361 72000 86400 1 
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B.2.5 Output Files and Results 
 
B.2.5.1 Result Summary for a Normal Weekday 
   
         
 
Total Statistics: 
         
 
1 63429 0 0 0 0 63429 - vehicle trips 
 
 
2 63429 0 0 0 0 63429 - person trips 
 
 
3 500161.78 0 0 0 0 500161.78 - vehicle-km 
  
 
4 500161.78 0 0 0 0 500161.78 - person-km 
  
 
5 107503.79 0 0 0 0 107503.79 - vehicle-stops 
  
 
6 53266456 0 0 0 0 53266456 - vehicle-secs 
  
 
7 53266456 0 0 0 0 53266456 - person-secs 
  
 
8 9241060 0 0 0 0 9241060 - total delay 
 
 
9 11172 0 0 0 0 11172 - stopped delay 
 
 
10 9229884 0 0 0 0 9229884 - accel/decel delay 
 
 
11 8950955010 0 0 0 0 8950955010 - accel-noise 
  
 
12 51646.54 0 0 0 0 51646.54 - fuel (l) 
 
 
13 179514.61 0 0 0 0 179514.61 - HC (g) 
 
 
14 4522614 0 0 0 0 4522614 - CO (g) 
 
 
15 148241.13 0 0 0 0 148241.13 - NOx (g) 
 
 
16 113792280 0 0 0 0 113792280 - CO2 (g) 
 
 
17 0 0 0 0 0 0 - PM (g) 
 
 
18 699793.19 0 0 0 0 699793.19 - crashes*10e-
6 
  
 
19 319249.63 0 0 0 0 319249.63 - injury crashes 
 
 
20 3157.06 0 0 0 0 3157.06 - fatal crashes 
 
 
21 23011.23 0 0 0 0 23011.23 - no damage 
 
 
22 384112.56 0 0 0 0 384112.56 - minor damage 
 
 
23 174910.28 0 0 0 0 174910.28 - moderate damage 
 
 
24 0 0 0 0 0 0 - dollars of toll             
 
Average Statistics: 
         
 
1 1 0 0 0 0 1 - vehicle trips 
 
 
2 1 0 0 0 0 1 - person trips 
 
 
3 7.8854 0 0 0 0 7.8854 - vehicle-km 
  
 
4 7.8854 0 0 0 0 7.8854 - person-km 
  
 
5 1.6949 0 0 0 0 1.6949 - vehicle-stops 
  
 
6 839.7808 0 0 0 0 839.7808 - vehicle-secs 
  
 
7 839.7808 0 0 0 0 839.7808 - person-secs 
  
 
8 145.6914 0 0 0 0 145.6914 - total delay 
 
 
9 0.1761 0 0 0 0 0.1761 - stopped delay 
 
 
10 145.5152 0 0 0 0 145.5152 - accel/decel delay 
 
 
11 141117.703 0 0 0 0 141117.703 - accel-noise 
  
 
12 0.8142 0 0 0 0 0.8142 - fuel (l) 
 
 
13 2.8302 0 0 0 0 2.8302 - HC (g) 
 
 
14 71.302 0 0 0 0 71.302 - CO (g) 
 
 
15 2.3371 0 0 0 0 2.3371 - NOx (g) 
 
 
16 1794.0103 0 0 0 0 1794.0103 - CO2 (g) 
 
 
17 0 0 0 0 0 0 - PM (g) 
 
 
18 11.0327 0 0 0 0 11.0327 - crashes*10e-
6 
  
 
19 5.0332 0 0 0 0 5.0332 - injury crashes 
 
 
20 0.0498 0 0 0 0 0.0498 - fatal crashes 
 
 
21 0.3628 0 0 0 0 0.3628 - no damage 
 
 
22 6.0558 0 0 0 0 6.0558 - minor damage 
 
 
23 2.7576 0 0 0 0 2.7576 - moderate damage 
 
 
24 0 0 0 0 0 0 - dollars of toll 
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B.2.5.2 Result Summary for a Normal Weekend 
 Normal Weekend 
         
 Total Statistics: 
         
 1 63401 0 0 0 0 63401 - vehicle trips 
 
 2 63401 0 0 0 0 63401 - person trips 
 
 3 499989.38 0 0 0 0 499989.38 - vehicle-km 
  
 4 499989.38 0 0 0 0 499989.38 - person-km 
  
 5 109163.77 0 0 0 0 109163.77 - vehicle-stops 
  
 6 60452572 0 0 0 0 60452572 - vehicle-secs 
  
 7 60452572 0 0 0 0 60452572 - person-secs 
  
 8 10936100 0 0 0 0 10936100 - total delay 
 
 9 9079.94 0 0 0 0 9079.94 - stopped delay 
 
 10 10927045 0 0 0 0 10927045 - accel/decel delay 
 
 11 8859213820 0 0 0 0 8859213820 - accel-noise 
  
 12 51951.27 0 0 0 0 51951.27 - fuel (l) 
 
 13 174459.09 0 0 0 0 174459.09 - HC (g) 
 
 14 4356588.5 0 0 0 0 4356588.5 - CO (g) 
 
 15 144341.23 0 0 0 0 144341.23 - NOx (g) 
 
 16 114738704 0 0 0 0 114738704 - CO2 (g) 
 
 17 0 0 0 0 0 0 - PM (g) 
 
 18 739594.63 0 0 0 0 739594.63 - crashes*10e-
6 
  
 19 335450.97 0 0 0 0 335450.97 - injury crashes 
 
 20 3044.33 0 0 0 0 3044.33 - fatal crashes 
 
 21 22845.42 0 0 0 0 22845.42 - no damage 
 
 22 413866.81 0 0 0 0 413866.81 - minor damage 
 
 23 180795.91 0 0 0 0 180795.91 - moderate damage 
 
 24 0 0 0 0 0 0 - dollars of toll 
 
           
 Average Statistics: 
         
 1 1 0 0 0 0 1 - vehicle trips 
 
 2 1 0 0 0 0 1 - person trips 
 
 3 7.8861 0 0 0 0 7.8861 - vehicle-km 
  
 4 7.8861 0 0 0 0 7.8861 - person-km 
  
 5 1.7218 0 0 0 0 1.7218 - vehicle-stops 
  
 6 953.4955 0 0 0 0 953.4955 - vehicle-secs 
  
 7 953.4955 0 0 0 0 953.4955 - person-secs 
  
 8 172.491 0 0 0 0 172.491 - total delay 
 
 9 0.1432 0 0 0 0 0.1432 - stopped delay 
 
 10 172.3481 0 0 0 0 172.3481 - accel/decel delay 
 
 11 139733.031 0 0 0 0 139733.031 - accel-noise 
  
 12 0.8194 0 0 0 0 0.8194 - fuel (l) 
 
 13 2.7517 0 0 0 0 2.7517 - HC (g) 
 
 14 68.7148 0 0 0 0 68.7148 - CO (g) 
 
 15 2.2766 0 0 0 0 2.2766 - NOx (g) 
 
 16 1809.7302 0 0 0 0 1809.7302 - CO2 (g) 
 
 17 0 0 0 0 0 0 - PM (g) 
 
 18 11.6653 0 0 0 0 11.6653 - crashes*10e-
6 
  
 19 5.2909 0 0 0 0 5.2909 - injury crashes 
 
 20 0.048 0 0 0 0 0.048 - fatal crashes 
 
 21 0.3603 0 0 0 0 0.3603 - no damage 
 
 22 6.5278 0 0 0 0 6.5278 - minor damage 
 
 23 2.8516 0 0 0 0 2.8516 - moderate damage 
 
 24 0 0 0 0 0 0 - dollars of toll 
 
200 
 
B.2.5.3 Result Summary for Continuous Closure of One Lane on a Weekday 
 
Weekday One Lane Continuous Closure   
Total Statistics:          
1 63429 0 0 0 0 63429 - vehicle trips  
2 63429 0 0 0 0 63429 - person trips  
3 500326.75 0 0 0 0 500326.75 - vehicle-km   
4 500326.75 0 0 0 0 500326.75 - person-km   
5 187165.31 0 0 0 0 187165.31 - vehicle-stops   
6 1136306180 0 0 0 0 1136306180 - vehicle-secs   
7 1136306180 0 0 0 0 1136306180 - person-secs   
8 65347220 0 0 0 0 65347220 - total delay  
9 4178127.5 0 0 0 0 4178127.5 - stopped delay  
10 61169072 0 0 0 0 61169072 - accel/decel delay  
11 13956877300 0 0 0 0 13956877300  accel-noise   
12 78383.89 0 0 0 0 78383.89 - fuel (l)  
13 244116.13 0 0 0 0 244116.13 - HC (g)  
14 5587897.5 0 0 0 0 5587897.5 - CO (g)  
15 153622.78 0 0 0 0 153622.78 - NOx (g)  
16 174017312 0 0 0 0 174017312 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 2473220.75 0 0 0 0 2473220.75 - 
crashes*10e-
6   
19 1031500.63 0 0 0 0 1031500.63 - injury crashes  
20 2821.84 0 0 0 0 2821.84 - fatal crashes  
21 31106.47 0 0 0 0 31106.47 - no damage  
22 2111767.5 0 0 0 0 2111767.5 - minor damage  
23 197217.5 0 0 0 0 197217.5 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
           
Average Statistics:          
1 1 0 0 0 0 1 - vehicle trips  
2 1 0 0 0 0 1 - person trips  
3 7.888 0 0 0 0 7.888 - vehicle-km   
4 7.888 0 0 0 0 7.888 - person-km   
5 2.9508 0 0 0 0 2.9508 - vehicle-stops   
6 17914.6152 0 0 0 0 17914.6152 - vehicle-secs   
7 17914.6152 0 0 0 0 17914.6152 - person-secs   
8 1030.2419 0 0 0 0 1030.2419 - total delay  
9 65.8709 0 0 0 0 65.8709 - stopped delay  
10 964.3707 0 0 0 0 964.3707 - accel/decel delay  
11 220039.375 0 0 0 0 220039.375 - accel-noise   
12 1.2358 0 0 0 0 1.2358 - fuel (l)  
13 3.8487 0 0 0 0 3.8487 - HC (g)  
14 88.0969 0 0 0 0 88.0969 - CO (g)  
15 2.422 0 0 0 0 2.422 - NOx (g)  
16 2743.4976 0 0 0 0 2743.4976 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 38.992 0 0 0 0 38.992 - 
crashes*10e-
6   
19 16.2623 0 0 0 0 16.2623 - injury crashes  
20 0.0445 0 0 0 0 0.0445 - fatal crashes  
21 0.4904 0 0 0 0 0.4904 - no damage  
22 33.2934 0 0 0 0 33.2934 - minor damage  
23 3.1093 0 0 0 0 3.1093 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
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B.2.5.4 Result Summary for Night Closure of One Lane on a Weekday 
Weekday One Lane Night Closure   
Total Statistics:          
1 63429 0 0 0 0 63429 - vehicle trips  
2 63429 0 0 0 0 63429 - person trips  
3 500400.25 0 0 0 0 500400.25 - vehicle-km   
4 500400.25 0 0 0 0 500400.25 - person-km   
5 121000.25 0 0 0 0 121000.25 - vehicle-stops   
6 200447824 0 0 0 0 200447824 - vehicle-secs   
7 200447824 0 0 0 0 200447824 - person-secs   
8 31863960 0 0 0 0 31863960 - total delay  
9 17847606 0 0 0 0 17847606 - stopped delay  
10 14016372 0 0 0 0 14016372 - accel/decel delay  
11 8896481280 0 0 0 0 8896481280 - accel-noise   
12 60982.89 0 0 0 0 60982.89 - fuel (l)  
13 172345.13 0 0 0 0 172345.13 - HC (g)  
14 4092987 0 0 0 0 4092987 - CO (g)  
15 138980.56 0 0 0 0 138980.56 - NOx (g)  
16 136097104 0 0 0 0 136097104 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 1505243 0 0 0 0 1505243 - 
crashes*10e-
6   
19 650951.81 0 0 0 0 650951.81 - injury crashes  
20 3123.31 0 0 0 0 3123.31 - fatal crashes  
21 33313.91 0 0 0 0 33313.91 - no damage  
22 1100578.63 0 0 0 0 1100578.63 - minor damage  
23 221886.36 0 0 0 0 221886.36 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
           
Average Statistics:          
1 1 0 0 0 0 1 - vehicle trips  
2 1 0 0 0 0 1 - person trips  
3 7.8891 0 0 0 0 7.8891 - vehicle-km   
4 7.8891 0 0 0 0 7.8891 - person-km   
5 1.9076 0 0 0 0 1.9076 - vehicle-stops   
6 3160.1921 0 0 0 0 3160.1921 - vehicle-secs   
7 3160.1921 0 0 0 0 3160.1921 - person-secs   
8 502.3563 0 0 0 0 502.3563 - total delay  
9 281.3793 0 0 0 0 281.3793 - stopped delay  
10 220.9773 0 0 0 0 220.9773 - accel/decel delay  
11 140258.891 0 0 0 0 140258.891 - accel-noise   
12 0.9614 0 0 0 0 0.9614 - fuel (l)  
13 2.7171 0 0 0 0 2.7171 - HC (g)  
14 64.5286 0 0 0 0 64.5286 - CO (g)  
15 2.1911 0 0 0 0 2.1911 - NOx (g)  
16 2145.6606 0 0 0 0 2145.6606 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 23.7311 0 0 0 0 23.7311 - 
crashes*10e-
6   
19 10.2627 0 0 0 0 10.2627 - injury crashes  
20 0.0492 0 0 0 0 0.0492 - fatal crashes  
21 0.5252 0 0 0 0 0.5252 - no damage  
22 17.3513 0 0 0 0 17.3513 - minor damage  
23 3.4982 0 0 0 0 3.4982 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
 
 
  
 
202 
 
B.2.5.5 Result Summary for Continuous Closure of One Lane on a Weekend Day 
 
Weekend One Lane Continuous Closure   
Total Statistics:          
1 63401 0 0 0 0 63401 - vehicle trips  
2 63401 0 0 0 0 63401 - person trips  
3 500232.69 0 0 0 0 500232.69 - vehicle-km   
4 500232.69 0 0 0 0 500232.69 - person-km   
5 183617.59 0 0 0 0 183617.59 - vehicle-stops   
6 1038026050 0 0 0 0 1038026050 - vehicle-secs   
7 1038026050 0 0 0 0 1038026050 - person-secs   
8 58097016 0 0 0 0 58097016 - total delay  
9 3911448.75 0 0 0 0 3911448.75 - stopped delay  
10 54185416 0 0 0 0 54185416 - accel/decel delay  
11 14225940500 0 0 0 0 14225940500  accel-noise   
12 75552.08 0 0 0 0 75552.08 - fuel (l)  
13 241995.72 0 0 0 0 241995.72 - HC (g)  
14 5619847 0 0 0 0 5619847 - CO (g)  
15 155566.55 0 0 0 0 155566.55 - NOx (g)  
16 167463792 0 0 0 0 167463792 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 2263096.5 0 0 0 0 2263096.5 - 
crashes*10e-
6   
19 950094.69 0 0 0 0 950094.69 - injury crashes  
20 3004.78 0 0 0 0 3004.78 - fatal crashes  
21 33057.66 0 0 0 0 33057.66 - no damage  
22 1894798.38 0 0 0 0 1894798.38 - minor damage  
23 199755.63 0 0 0 0 199755.63 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
           
Average Statistics:          
1 1 0 0 0 0 1 - vehicle trips  
2 1 0 0 0 0 1 - person trips  
3 7.89 0 0 0 0 7.89 - vehicle-km   
4 7.89 0 0 0 0 7.89 - person-km   
5 2.8961 0 0 0 0 2.8961 - vehicle-stops   
6 16372.3926 0 0 0 0 16372.3926 - vehicle-secs   
7 16372.3926 0 0 0 0 16372.3926 - person-secs   
8 916.3423 0 0 0 0 916.3423 - total delay  
9 61.6938 0 0 0 0 61.6938 - stopped delay  
10 854.6461 0 0 0 0 854.6461 - accel/decel delay  
11 224380.375 0 0 0 0 224380.375 - accel-noise   
12 1.1917 0 0 0 0 1.1917 - fuel (l)  
13 3.8169 0 0 0 0 3.8169 - HC (g)  
14 88.6397 0 0 0 0 88.6397 - CO (g)  
15 2.4537 0 0 0 0 2.4537 - NOx (g)  
16 2641.343 0 0 0 0 2641.343 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 35.695 0 0 0 0 35.695 - 
crashes*10e-
6   
19 14.9855 0 0 0 0 14.9855 - injury crashes  
20 0.0474 0 0 0 0 0.0474 - fatal crashes  
21 0.5214 0 0 0 0 0.5214 - no damage  
22 29.8859 0 0 0 0 29.8859 - minor damage  
23 3.1507 0 0 0 0 3.1507 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
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B.2.5.6 Result Summary for Night Closure of One Lane on a Weekend Day 
 
Weekend One Lane Night Closure    
Total Statistics:          
1 63401 0 0 0 0 63401 - vehicle trips  
2 63401 0 0 0 0 63401 - person trips  
3 500241.91 0 0 0 0 500241.91 - vehicle-km   
4 500241.91 0 0 0 0 500241.91 - person-km   
5 127155.96 0 0 0 0 127155.96 - vehicle-stops   
6 198966816 0 0 0 0 198966816 - vehicle-secs   
7 198966816 0 0 0 0 198966816 - person-secs   
8 33338978 0 0 0 0 33338978 - total delay  
9 17647324 0 0 0 0 17647324 - stopped delay  
10 15691625 0 0 0 0 15691625 - accel/decel delay  
11 9124799490 0 0 0 0 9124799490 - accel-noise   
12 61511.27 0 0 0 0 61511.27 - fuel (l)  
13 171649.13 0 0 0 0 171649.13 - HC (g)  
14 4046412.75 0 0 0 0 4046412.75 - CO (g)  
15 136610 0 0 0 0 136610 - NOx (g)  
16 137391488 0 0 0 0 137391488 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 1548949.88 0 0 0 0 1548949.88 - 
crashes*10e-
6   
19 667522.69 0 0 0 0 667522.69 - injury crashes  
20 2932.11 0 0 0 0 2932.11 - fatal crashes  
21 32462.97 0 0 0 0 32462.97 - no damage  
22 1134421.38 0 0 0 0 1134421.38 - minor damage  
23 227829.92 0 0 0 0 227829.92 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
           
Average Statistics:          
1 1 0 0 0 0 1 - vehicle trips  
2 1 0 0 0 0 1 - person trips  
3 7.8901 0 0 0 0 7.8901 - vehicle-km   
4 7.8901 0 0 0 0 7.8901 - person-km   
5 2.0056 0 0 0 0 2.0056 - vehicle-stops   
6 3138.2283 0 0 0 0 3138.2283 - vehicle-secs   
7 3138.2283 0 0 0 0 3138.2283 - person-secs   
8 525.8431 0 0 0 0 525.8431 - total delay  
9 278.3446 0 0 0 0 278.3446 - stopped delay  
10 247.4981 0 0 0 0 247.4981 - accel/decel delay  
11 143922.016 0 0 0 0 143922.016 - accel-noise   
12 0.9702 0 0 0 0 0.9702 - fuel (l)  
13 2.7074 0 0 0 0 2.7074 - HC (g)  
14 63.8225 0 0 0 0 63.8225 - CO (g)  
15 2.1547 0 0 0 0 2.1547 - NOx (g)  
16 2167.0239 0 0 0 0 2167.0239 - CO2 (g)  
17 0 0 0 0 0 0 - PM (g)  
18 24.431 0 0 0 0 24.431 - 
crashes*10e-
6   
19 10.5286 0 0 0 0 10.5286 - injury crashes  
20 0.0462 0 0 0 0 0.0462 - fatal crashes  
21 0.512 0 0 0 0 0.512 - no damage  
22 17.8928 0 0 0 0 17.8928 - minor damage  
23 3.5935 0 0 0 0 3.5935 - moderate damage  
24 0 0 0 0 0 0 - dollars of toll 
 
 
  
 
204 
 
References 
AASHTO. (1993). Guide for Design of Pavement Structures. Washington, D.C.: American 
Association of State Highway and Trasportation Officials. 
Abou-Senna, H., & Radwan, E. (2013). VISSIM/ MOVES Integration to Investigate the Effects 
of Major Key Parameters on CO2 Emissions. Transportation Research Part D, 21(2013), 
39-46. 
Ahn, C., Peña-Mora, F., Lee, S., & Arboleda, C. A. (2013). Consideration of the Environmental 
Cost in Construction Contracting for Public Works: A+C and A +B+C Bidding Methods. 
Journal of Management in Engineering, 29(1), 86-94. 
Albert, W., Royce, M., & Marchione, R. (2012, July 2). NYSDOT Bridge Experts. (B. Salman, 
& S. Ghorai, Interviewers) 
Andersen, M. S., Barker, T., Christie, E., Ekins, P., Gerald, J. F., Jilkova, J., . . . Speck, S. 
(2007). Competitiveness Effects of Environmental Tax Reforms (COMETR). Denmark: 
National Environmental Research Institute, University of Aarhus. Retrieved April 17, 
2017, from http://www.dmu.dk/Pub/COMETR_Summary_Report.pdf 
Anya, A. R., Rouphail, N. M., Frey, H. C., & Schroeder, B. (2014). Application of AIMSUN 
Micro Simulation Model in Estimating Emissions on Signalized Arterial Corridors. TRB 
93rd Annual Meeting. Washington, DC: Transportation Research Board. 
ARRA. (2001). Basic Asphalt Recycling Manual. Washington DC: Asphalt Recycling and 
Reclaiming Association, FHWA. 
ASCE. (2013). 2013 Report Card for America's Infrastructure. Washington, D.C.: American 
Society of Civil Engineers Foundation. Retrieved 1 29, 2014, from 
http://www.infrastructurereportcard.org/a/#p/bridges/overview 
 
205 
 
ASCE. (2017). 2017 Infrastructure Report Card. Washington, D.C.: American Society of Civil 
Engineers Foundation. 
Athena Sustainable Material Institute. (2013, May). Impact Estimator for Highways Software. 
Ottawa, Ontario, Canada. 
Barth, M., Malcolm, C., & Scora, G. (2001). Integrating a Comprehensive Modal Emissions 
Model into ATMIS Transportation Modeling Frameworks. Riverside, CA: California 
PATH Research Report # UCB-ITS-PRR-2001-19. 
Bilec, M. M., Ries, R. J., & Matthews, H. S. (2010). Life-Cycle Assessment Modeling of 
Construction Processes for Buildings. Journal of Infrastructure Systems, 16(3), 199-205. 
Boden, T., Marland, G., & Andres, R. (2017). National CO2 Emissions from Fossil-Fuel 
Burning, Cement Manufacture, and Gas Flaring: 1751-2014. Oak Ridge National 
Laboratory, Carbon Dioxide Information Analysis Center. Washington, D.C.: U.S. 
Department of Energy. 
Boriboonsomsin, K., & Barth, M. (2008). Impacts of freeway high-occupancy vehicle lane 
configuration on vehicle emissions. Transportation Research Part D 13, 112-125. 
British Columbia Ministry of Finance. (2008, July 1). B.C.’s Revenue-neutral Carbon Tax. 
Retrieved April 18, 2017, from B.C. Balanced Budget 2008: 
http://www.bcbudget.gov.bc.ca/2008/backgrounders/backgrounder_carbon_tax.htm 
CalTrans. (2008). Maintenance Technical Advisory Guide Vol II - Rigid Pavement Preservation 
(2nd Edition). Sacramento, CA: State of California Department of Transportation. 
Caltrans. (2010). Life-Cycle Cost analysis Procedures Manual. Sacramento, CA: Pavement 
Standards Team & Division of Design, Department of Transportation. 
 
206 
 
Carpenter, B., Fekpe, E., & Gopalakrishna, D. (2003). Performance-Based Contracting for the 
Highway Construction Industry. Washington, D.C.: Koch Industries. 
Cass, D., & Mukherjee, A. (2011). Calculation of Green House Gas Emissions for Highway 
Construction Operations by Using a Hybrid Life-Cycle Assessment Approach: Case 
Study for Pavement Operations., 137 (11). Journal of Construction engineering and 
Management, 137 (11), 1015-1025. 
Chehovits, J., & Galehouse, L. (2010). Energy Usage and Greenhouse Gas Emissions of 
Pavement Prevervation Processs for Asphalt Concrete Pavements., (pp. 27 - 41). First 
International Conference on Pavement Preservation. 
Congressional Budget Office. (2008). Policy Options for reducing CO2 Emissions. Washington, 
D.C.: Congress of the United States. 
CTC. (2017). What's Carbon Tax? Retrieved April 16, 2017, from Carbon Tax Center: Pricing 
carbon efficiently and equitably: https://www.carbontax.org/whats-a-carbon-tax/ 
FHWA. (2001). Super Pave Mixture Design Guide: WesTrack Forensic Team Consensus Report. 
Washington, DC: Publication # FHWA-RD-01-052. 
FHWA. (2002). Fog Seal Application. Publication # FHWA-IF-03-001. 
FHWA. (2002). Microsurfacing Application. Publication # FHWA-IF-03-002. 
FHWA. (2008). Traffic Analysis Toolbox Volume VIII: Work Zone Modeling and Simulation - A 
Guide for Decision-Makers. USDOT, Office of Operations. Washington, DC: FHWA. 
FHWA. (2009). Traffic Analysis Toolbox Volume IX: Work Zone Modeling and Simulation - A 
Guide for Analysts. Washington, DC: FHWA Publication # FHWA-HOP-09-001. 
FHWA. (2010). Highway Statistics 2010. Retrieved February 10, 2014, from 
https://www.fhwa.dot.gov/policyinformation/statistics/2010/ 
 
207 
 
FHWA. (2011a). Accelerated Bridge Construction: Experience in Design, Fabrication and 
Erection of Prefabricated Bridge Elements, Final Manual. Publication # HIF-12-013. 
FHWA. (2011b). Work Zone Road User Costs: Concept and Applications. Washington, DC: 
FHWA Contract # DTFH61-06-D-00004. 
FHWA. (2012). Traffic Analysis Toolbox Volume XII: Work Zone Traffic Analysis - Application 
and Decision Framework. FHWA Publication # FHWA-HOP-12-029. 
FHWA. (2013). Summary of the extent, usage, and condition of the U.S. Interstate System: By 
State and Interstate Route Number. The Office of Highway Policy Information, FHWA. 
FHWA. (2014 a). Distress Indentification Manual for the Long Term Pavement Performance 
Program. U.S. Department of Transportation. FHWA. 
FHWA. (2014 b). Full Depth Reclamation. Retrieved April 17, 2014, from 
https://www.fhwa.dot.gov/pavement/recycling/98042/CHPT_16.pdf 
FHWA. (2014 c, January 31). Precast Concrete Pavement Systems. Retrieved from 
http://www.fhwa.dot.gov/hfl/innovations/pdfs/precast.pdf 
FHWA. (2016, December). Highway Statistics 2015. Retrieved May 3, 2017, from Policy and 
Governmental Affairs, Office of Highway Policy Information: 
https://www.fhwa.dot.gov/policyinformation/statistics/2015/hm18.cfm 
FHWA. (2017, February 1). Work Zone Mobility and Safety Program. Retrieved April 23, 2017, 
from Work Zone Road User Cost - Concepts and Applications: 
https://ops.fhwa.dot.gov/wz/resources/publications/fhwahop12005/sec5.htm 
Fishman, E., Kirkpatrick, E., & Ellis, L. P. (2009). Legal Research Digest 51. Retrieved 
February 20, 2009, from Transportation Research Board of the National Academics: 
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_lrd_51.pdf. 
 
208 
 
Garza, J. M., Akyildiz, S. B., & Krueger, D. A. (2011). Network-level Optimization of Pavement 
Maintenance Renewal Strategies. Advanced Engineering Informatics, 25(2011), 699-712. 
Global Utmaning. (2009). Carbon Taxation - a forgotten climate policy tool? Stockholm, 
Sweden: Global Utmaning. 
Google. (2017). Snapshot of the I-66 Section for Model Construction. Retrieved May 5, 2017 
Green Design Institute. (2017, April 21). Carnegie Mellon University. Retrieved from EIO-LCA: 
Free, Fast, Easy Life Cycle Assessment: http://www.eiolca.net/index.html 
Hall, J., Migliaccio, G., Tarefder, R., & Ghorai, S. (2010). Road Lifecycle Innovative Financing 
Evaluation (RoadLIFE). New Mexico Department of Transportation, Santa Fe, NM: 
Report # NM08ADM-01. 
Hall, K. T., Correa, C. E., Carpenter, S. H., & Elliot, R. P. (2001). Rehabilitation Strategies for 
Highway Pavements. National Cooperative Highway Research Program . Washington, 
DC: Transportation Research Board. 
Hancher, D. E. (1999). Contracting Methods for Highway Construction. Transportation 
Research Record, 1-7. 
Heijungs, R. (2012, August 28). CMLCA: Scientific Software for LCA, IOA, EIOA, and More. 
Retrieved April 21, 2017, from What is CMLCA?: http://www.cmlca.eu/ 
Hendrickson, C. T., Lave, L., & Matthews, H. S. (2006). Environmental Life Cycle Assessment 
of Goods and Services: An Input-Output Approach. Baltimore, MD: RFF Press. 
Huang, Y., Bird, R., & Bell, M. (2009). A comparative study of the emissions by road 
maintenance works and the disrupted traffic using life cycle assessment and micro-
simulation. Transportation Research Part D, 197-204. 
 
209 
 
Huang, Y., Galatioto, F., Parry, T., Bird, R., & Bell, M. (2014). Road Pavement Maintenance 
Life Cycle Assessment – A UK Case Study. International Symposium on Pavement LCA 
2014, (pp. 179-190). Davis, California. 
Interagency Working Group on Social Cost of Carbon. (2013). Technical Update of the Social 
Cost of Carbon for Regulatory Impact Analysis. Washington, D.C.: United States 
Government. 
ISO. (2006). Environmental Management - Life Cycle Assessment - Requirements and 
Guidelines. Switzerland: International Organization of Standardization. 
Jensen, W., Rea, R. C., & Syslo, M. (2008). Evolving Rehabilitation Strategies for Asphalt 
Pavement. International Journal of Pavement Engineering, 9:4, 257-264. 
Jones, D., Fu, P., & Harvey, T. H. (2009). Full-Depth Recycling with Foamed Asphalt in 
California: Guidelines for Project Selection, Design, and Construction. Davis: Institute 
of Transportation Studies, University of California. 
Kearney, E., & Huffman, J. (1999). Full-Depth Reclamation Process. Transportation Research 
Record: Journal of the Transportation Research Board, 1684, 203-209. 
Kendall, A., Keoleian, G., & Helfand, G. (2008). Integrated Life-Cycle Assessment and Life-
Cycle Cost Analysis Model for Concrete Bridge Deck Applications. Journal of 
Infrastructure Systems, 14(3), 214-222. 
Keoleian, G. A., Kendall, A., Detting, J. E., Smith, V. M., Chandler, R. F., Lepech, M. D., & Li, 
V. (2005). Life Cycle Modeling of Concrete Bridge Design: COmparison of Engineered 
Cementitious Composite Link Slabs and Conventional Steel Expansion Joints. Journal of 
Infrastructure Systems, 11(1), 50-60. 
 
210 
 
Krupnick, A. J., Parry, I. W., Walls, M., Knowles, T., & Hayes, K. (2010). Toward a New 
National Energy Policy: Assessing the Options. Washington, D.C.: Resources for the 
Future and the National Energy Policy Institute. 
Lee, J. H., & McCullouch, B. (2009). Review Construction Techniques for Accelerated 
Construction and Cost Implications. West Lafayette, Indiana: Indiana Department of 
Transportation and Purdue University, Publication # FHWA/IN/JTRP-2009/06. 
Lin, J., Chiu, Y.-C., Vallamsundar, S., & Bai, S. (2011). Integration of MOVES and Dynamic 
Traffic Assignment Models for Fine-Grained Transportation and Air Quality Analyses. 
IEEE Forum on Integrated and Sustainable Transportation Systems, (pp. 176-181). 
Vienna, Austria. 
Lippiatt, B. C. (2002). Building for Environmental and Economic Sustainability: Technical 
Manual and User Guide. Gaithersburg, MD: National Institute of Standards and 
Technology. 
Loijos, A. (2011). Life Cycle Assessment of Concrete Pavements: Impacts and Opportunities. 
MS Thesis, Massachusetts Institute of Technology. 
Lu, Y., Cui, Q., & Le, Y. (2012). Modeling Green Value Creation in A Construction Company. 
International Conference on Sustainable Design, Engineering and Construction , (pp. 
617-625). Fort Worth, TX. 
Lu, Y., Cui, Q., & Le, Y. (2013). Turning Green to Gold in the Construction Industry: Fable or 
Fact. Journal of Construction Engineering and Management, 139(8), 1026-1036. 
Mahdi, I. M., & Alreshaid, K. (2005). Decision Support System for Selecting the Proper Project 
Delivery Method using Analytical Hierarchy Process (AHP). Internationa Journal of 
Project Management, 23, 564-572. 
 
211 
 
Marron, D. B., & Morris, A. C. (2016). How to Use Carbon Tax Revenues. Urban Institute & 
Brookings Institution. Tax Policy Center. 
Matos, G. R. (2017). Use of raw materials in the United States from 1900 through 2014. Reston, 
VA: U.S. Geological Survey. doi:10.3133/fs20173062 
Meneses, S., & Ferreira, A. (2012). New Optimization Model for Road Network Maintenance 
Management. Social and Behavioral Sciences. 54, pp. 956-965. Elsevier Ltd. 
Merritt, D. (2001). Feasibility of Using Precast Concrete Panels to Expedite Construction of 
Portland Cement Concrete Pavements. Transportation Research Record: Journal of the 
Transportation Research Board, 1761, 3-9. 
Merritt, D. K., McCullough, F., Burns, N., & Schindler, A. K. (2000). The Feasibility of Using 
Precast Concrete Panels to Expedite Highway Pavement Construction. Austin, TX: 
FHWA Report # FHWA/TX-01/1517-1. 
Metcalf, G. E. (2007). A Proposal for a U.S. Carbon Tax Swap: An Equitable Tax Reform to 
Address Global Climate Change. Washington, D.C.: The Brookings Institution. 
Moazami, D., Behbahani, H., & Muniandy, R. (2011). Pavement Rehabilitation and Maintenance 
Prioritization of Urban Roads using Fuzzy Logic. Expert Systems with Applications, 
38(2011), 12869-12879. 
Moges, M., Ayed, A., Viecili, G., & Halim, A. A. (2017). A Review and Recommendations for 
Canadian LCCA Guidelines. 2017 Conference of the Transportation Association of 
Canada, (pp. 1-19). St. John’s, NL. 
National Cooperative Highway Research Program. (2009). Best Practices in Accelerated 
Construction Techniques. NCHRP Project # 20-68A, Scan 07-02. 
 
212 
 
NCHRP. (2011). A Guidebook for Sustainability Performance Measurement for Transportation 
Agencies. Washington, D.C.: Transportation Research Board. 
NDOR. (2002). Pavement Maintenance Manual. Nebraska Department of Roads. 
Parry, I. W., & Williams III, R. C. (2011). Moving U.S. Climate Policy Forward: Are Carbon 
Taxes the Only Good Alternative? Washington, D.C.: Resources for the Future. 
PRe Sustainability. (2017, April 21). SimaPro. Retrieved from About SimaPro: 
https://simapro.com/about/ 
Rakha. (2010). QueensOD Rel 2.10 - User's Guide: Estimating Origin - Destination Traffic 
Demands from Link Flow Counts. Kingston, Ontario: M.Van Aerde & Assoc., Ltd. 
Rakha. (2014). INTEGRATION Rel. 2.40 for Windows - User's Guide, Volume I: Advanced 
Model Features. Blacksburg, VA: M. Aerde and Associates, Ltd. 
Rakha, H., & Ahn, K. (2004). INTEGRATION Modeling Framework for Estimating Mobile 
Source Emissions. Journal of Transportation Engineering, 130(2), 183-193. 
Rakha, H., & Crowther, B. (2003). Comparison and Calibration of FRESIM and 
INTEGRATION Steady State Car-following Behavior. Transportation Research: Part A, 
1-27. 
Rakha, H., & Lucic, I. (2002). Variable Power Vehicle Dynamics Model for Estimating 
Maximum Truck Acceleration Levels. Journal of Transportation Engineering, 128(5), 
412-419. 
Rakha, H., & Van Aerde, M. (1996). Comparison of Simulation Modules of TRANSYT and 
INTEGRATION Models. Transportation Research Record, 1566, 1-7. 
 
213 
 
Rakha, H., Lucic, I., Demarchi, S., Setti, J., & Van Aerde, M. (2001). Vehicle Dynamics Model 
for Predicting Maximum Truck Accelerations. Journal of Transportation Engineering, 
127(5), 418-425. 
Rakha, H., Medina, A., Sin, H., Dion, F., Van Aerde, M., & Jenq, J. (2000). Field Evaluation of 
Efficiency, Energy, Environmental and Safety Impacts of Traffic Signal Coordination 
Across Jurisdictional Boundaries. Transportation Research Record, 42-51. 
Rakha, H., Snare, M., & Dion, F. (2004). Vehicle Dynamics Model for Estimating Maximum 
Light Duty Vehicle Acceleration Levels. Transportation Research Record, 1883, 40-49. 
Rakha, H., Van Aerde, M., Bloomberg, L., & Huang, X. (1998). Construction and calibration of 
a large-scale micro-simulation model of the Salt Lake area. Transportation Research 
Record, 1644, 93-102. 
Ramani, T. L., Zietsman, H., Gudmundsson, H., Hall, R. P., & Marsden, G. (2011). Framework 
for Sustainability Assessment by Transportation Agencies. Transportation Research 
Record: Journal of the Transportation Research Board, 2242, 9 - 18. 
Raza, H. (1995). An overview of Surface Rehabilitation Techniques for Asphalt Pavements 
Instructor's Guide. Washington, D.C.: Federal Highway Administration. 
Robichaud, L. B., & Anantatmula, V. S. (2011). Greening Project Management Practices for 
Sustainable Construction. Journal of Management in Engineering, 27(1), 48-57. 
Salem, O., & Ghorai, S. (2015). Environmental Life-Cycle Assessment of Pavement 
Maintenance, Repair and Rehabilitation Activities. TRB 94th Annual Meeting. 
Washington, D.C.: Transportation Research Board. 
 
214 
 
Salem, O., & Ghorai, S. (2015). Environmental Life-Cycle Assessment of Pavement 
Maintenance, Repair, and Rehabilitation Activities. TRB Annual Meeting. Washington, 
D.C. 
Salem, O., Ghorai, S., Salman, B., & Aboutaha, R. (2014). A Decision Support Framework for 
Accelerated Bridge Construction. TRB 93rd Annual Meeting. Washington, DC: 
Transportation Research Board. 
Salem, O., Pirzadeh, S., Ghorai, S., & Abdel-Rahim, A. (2014). Improving Sustainability of 
Work-zones by Implementing Lean Construction Techniques. International Conference 
on Architecture and Civil Engineering. Dubai, UAE. 
Salem, O., Salman, B., & Ghorai, S. (2017). Accelerating construction of roadway bridges using 
alternative techniques and procurement methods. Transport. 
doi:10.3846/16484142.2017.1300942 
Santero, N., Masanet, E., & Horvath, A. (2010). Life Cycle Assessmenet of Pavements: A Critical 
Review of Exisiting Literature and Research. Skokie, Illinois: Portland Cement 
Association Report # SN3119a. 
Santos, J., Ferreira, A., & Flintsch, G. (2015). A life cycle assessment model for pavement 
management: methodology and computational framework. International Journal of 
Pavement Engineering, 16(3), 268-286. 
Schmidt, M., & Schafer, R. (1998). An integrated simulation system for traffic induced air 
pollution. Environmental Modeling and Software, 13, 295-303. 
Schrank, D., Eisele, B., & Lomax, T. (2012). 2012 Urban Mobility Report. Texas A&M 
Transportation Institute. 
 
215 
 
Scientific Application International Corporation (SAIC). (2006). Life Cycle Assessment: 
Principles and Practice. Cincinnati, OH: U.S. Environmental Protection Agency. 
Shapiro, R., Pham, N., & Malik, A. (2008). Adressing Climate Change without Impairing the 
U.S. Economy. The U.S. Climate Task Force. 
Smith, K. L., & Romine, A. R. (1999). Materials and Procedures for Sealing and Filling Cracks 
in Asphalt-Surfaced Pavements - Manual of Practice. Report # FHWA-RD-99-147. 
State of California Department of Transportation. (2003). Fog Seal Guidelines. Sacramento: 
Division of Maintenance. 
Stathopoulos, F. G., & Noland, R. B. (2003). Induced Travel and Emissions from traffic Flow 
Improvement Projects. TRB 82nd Annual Meeting. Washington, DC: Transportation 
Research Board. 
Stevanovic, A., Stevanovic, J., Zhang, K., & Batterman, S. (2009). Optimizing Traffic Control to 
Reduce Fuel Consumtion and Vehicular Emissions. Transportation Research Record, 
105-113. 
Stewart, J., Baker, M., & Van Aerde, M. (1996). Analysis of Weaving Section Designs using 
INTEGRATION. 75th Annual Meeting of Transportation Research Board. Washington, 
D.C. 
Sullivan, D. E. (2006). Materials in Use in U.S. Interstate Highways. Denver, CO: U.S. 
Geological Survey. Retrieved September 17, 2017, from 
https://pubs.usgs.gov/fs/2006/3127/2006-3127.pdf 
Talbot, E., Chamberlin, R., Holmen, B. A., & Sentoff, K. (2014). Calibrating a Traffic 
Microsimulation Model to Real-World Operating Mode Distributions. TRB 93rd Annual 
Meeting. Washington, DC: Transportation Research Board. 
 
216 
 
The Province of British Columbia. (2016). Climate Leadership Plan. Victoria, Canada: The 
Government of British Columbia. 
thinkstep Global . (2017, April 21). thinkstep GaBi. Retrieved from What is GaBi Software?: 
http://www.gabi-software.com/international/overview/what-is-gabi-software/ 
TxDOT. (2011). Pavement Design Guide. Retrieved January 8, 2014, from 
http://onlinemanuals.txdot.gov/txdotmanuals/pdm/manual_notice.htm 
Uddin, W., Hudson, W., & Haas, R. (2013). Public Infrastructure Asset Management. New 
York: Mc Graw Hill Education. 
UNFCCC. (2008). Kyoto Protocol Reference Manual on Accounting of Emissions and Assigned 
Amounts. United Nations Framework Convention on Climate Change. Bonn, Germany: 
Information Services of UNFCCC Secretariat. 
USDOT and USDOC. (2010). 2007 Economic Cencus, Transportation, 2007 Commodity Flow 
Survey. US Department of Transportation and US Department of Commerce. 
USEIA. (2013, July 1). The cement industry is the most energy intensive of all manufacturing 
industries. Retrieved April 23, 2017, from Today in Energy: 
https://www.eia.gov/todayinenergy/detail.php?id=11911 
USEPA. (2013). Global Greenhouse Gas Emission Data. Retrieved September 14, 2013, from 
http://www.epa.gov/climatechange/ghgemissions/global.html#four. 
USEPA. (2017 a, January 24). Energy and Environment. Retrieved April 24, 2017, from 
Greenhouse Gas Equivalencies Calculator: https://www.epa.gov/energy/greenhouse-gas-
equivalencies-calculator 
 
217 
 
USEPA. (2017 b, April 14). Greenhouse Gas Emissions. Retrieved April 22, 2017, from Sources 
of Greenhouse Gas Emissions: https://www.epa.gov/ghgemissions/sources-greenhouse-
gas-emissions#land-use-and-forestry 
Van Aerde, M. (1995). Single Regime Speed-Flow-Density Relationship for Congested and 
Uncongested Highways. 74th TRB Annual Conference, 950802. Washington, DC. 
Van Aerde, M., & Rakha, H. (1995). Multivariate Calibration of Single Regime Speed-Flow- 
Density Relationship. VNIS/ Pacific Rim Conference Proceedings, (pp. 334-341). Seattle, 
WA. 
Van Aerde, M., & Yagar, S. (1988a). Dynamic integrated freeway/traffic signal networks: 
Problems and proposed solutions. Transportation Research, 22A(6), 435-443. 
Van Aerde, M., & Yagar, S. (1988b). Dynamic integrated freeway/traffic signal networks: A 
routing-based modeling approach. Transportation Research, 22A(6), 445-453. 
Van Aerde, M., Rakha, H., & Paramahamsan, H. (2003). Eastimation of O-D Matrices: The 
Relationship between Practical and Theoretical Considerations. Transportation Research 
Record, 1831, 122-130. 
VanDunien, M., & Deisl, N. (2006). Handbook to Explain LCA using the GaBi EDU Software 
Package. Boston, MA: PE Americas LLC. 
VDOT. (2016, January 25). 2014 Traffic Data. Retrieved January 25, 2016, from 
http://www.virginiadot.org: http://www.virginiadot.org/info/2014_traffic_data.asp 
West, B., McGill, R., Hodgson, J., Sluder, S., & Smith, D. (1997). Development of Data-Based 
Light Duty Modal Emissions and Fuel Consumption Models. Society of Automotive 
Engineers, 972910, 1274-1280. 
 
218 
 
Wong, P. S., Lacarruba, N., & Bray, A. (2013). Can a Carbon Tax Push the Australian 
Construction Sector toward Self-Regulation? Lessons Learned from Europian Union 
Experiences. Journal of Legal Affairs and Dispute Rsolution in Engineering and 
Construction, 5(4), 163-167. 
Yu, B., & Lu, Q. (2012). Life cycle assessment of pavement: Methodology and case study. 
Transportation Research Part D, 380-388. 
Yun, C., & Lei, Y. (2007). Microscopic Traffic-Emission Simulation and Case Study for 
Evaluation of Traffic Control Strategies. Journal of Transportation Systems Engineering 
and Information Technology, 7(1), 93-100. 
Zapata, P., & Gambatese, J. (2005). Energy Consumtion of Asphalt and Reinforced Concrete 
Pavement Materials and Construction. Journal of Infrastructure Systems, 
11(Sustainability of Transportation and Other Infrastructure Systems), 9-20. 
Zhang, K., Batterman, S., & Dion, F. (2011). Vehicle Emissions in Congestion: Comparison of 
Work zone, Rush Hour and Free Flow Conditions. Atmospheric Environment, 45(2011), 
1929-1939. 
 
 
 
219 
 
Sudipta Ghorai, MSCE, LEED GA 
151 Link Hall, Department of Civil and Environmental Engineering, Syracuse University, NY - 13244 
Phone: 505 697 0957    Email: ghoraisudipta@gmail.com  
Vita 
EDUCATION 
 
Ph.D. in Civil and Environmental Engineering (Construction Engineering and Management)    
Syracuse University, Syracuse, NY (December 2017) 
Master of Science in Civil Engineering (Construction Engineering and Management)            
University of New Mexico, Albuquerque, NM (July 2010)   
Bachelor of Engineering in Construction Engineering                                                
Jadavpur University, Kolkata, India (June 2008)          
Related Coursework: 
Project Management, Construction Management, Transportation Engineering, Project Controls, 
Supply Chain Management, Modeling and Optimization, Infrastructure Asset Management, 
Sustainable Engineering, Statistical Analysis, GIS, Rehabilitation of Structures, Construction 
Documents, Construction Equipment, Project Delivery Systems, Building Information Modeling 
 
RESEARCH INTEREST 
 
Sustainable Infrastructure, Green Buildings, Accelerated Construction, Life Cycle Assessment, 
Building Information Modeling, Energy Modeling, Lean Construction, Construction Contracts, 
Traffic Engineering 
 
COMPUTER SKILLS 
 
Primavera P6, MS Project, ArcGIS, VISSIM, MOVES, PARAMICS, Autodesk Revit, Minitab 
Statistical Software, RealCost, INVEST, MS Office Suite, EIO LCA, GaBi 
 
RESEARCH EXPERIENCE  
 
Syracuse University, Syracuse, NY  
Research Assistant (January 2014 to May 2015) 
TranLIVE Tier 2 (Transportation for Livability by Integrating Vehicle and Environment) 
funded by USDOT 
· Using Traffic Micro-Simulation to Assess the Benefits of Accelerated Pavement 
Construction for Reducing Traffic Emissions  
 
 
220 
 
 
Research Assistant (January 2013 to January 2014) 
TranLIVE Tier 1  
· Conducted environmental life cycle assessment of pavement maintenance, repair and 
rehabilitation (MRR) activities 
· Evaluated environmental benefits of innovative construction techniques over 
traditional construction 
 
Research Assistant (January 2011 to December 2012) 
Accelerated Bridge Construction Decision Making Model funded by NYSDOT  
· Prepared decision-making models on MS Excel and MS Visio using Analytical 
Hierarchy Process, which will assist DOT engineers in higher level decision making 
to select appropriate Accelerated Construction Techniques and Alternative Project 
Delivery. Conducted nationwide questionnaire survey of experienced bridge 
professionals for data collection purposes and analyzed data on Minitab and Excel. 
Validated model by implementing it on six bridge projects in New York State. 
 
University of New Mexico, Albuquerque, NM  
Research Assistant (August 2009 – March 2010). 
RoadLIFE (Road Lifecycle Innovative Financing Initiative) funded by NMDOT 
· Performed feasibility analysis of Highway Warranties and Studied Innovative 
Financing options for Highways  
· Scrutinized regulations and restrictions for using Design Build in highway projects  
· Thoroughly studied US 550 bid documents  
· Developed Asset Management software on MS Access platform to track Life Cycle 
Costs of highway projects  
· Beta version of the software validated by NMDOT and used to track warranty, 
maintenance, repair and rehabilitation cost of US 550 
· Final report submitted to and published by NMDOT 
 
WORK EXPERIENCE 
 
Project Controls Engineer/Specialist, Parsons Corporation (May 2015 – present)  
· The City of New York, DEP Southeast Queens Initiative Program, New York. 
Developed and updated program schedule for multi-billion dollar capital projects 
· Chevron Environmental Management Company, Corrective Measures 
Implementation, New Jersey. Updated and maintained schedule for the cost-plus 
project on Primavera P6 R15.2 with status obtained from task managers. Analyzed, 
forecasted and reported current status and critical path against established baseline 
schedule on a bi-weekly basis. Prepared and presented budget and schedule review in 
monthly leadership meetings. Implemented and maintained EVMS, and analyzed cost 
 
221 
 
and schedule performance indicators. Supported program manager with weekly 
reports on FTE analysis, budget forecast for professional labor, subcontractors, 
equipment, material and other direct costs (ODCs). Assisted project managers with 
PARBase® updates on a monthly basis and provided insight into cost management 
whenever necessary. Reviewed invoices bi-weekly before submitting to the client for 
payment. Generated reports such as Project Control Statement, Operating Performance 
Report, Work in Progress, Client Expenditure Report Spreadsheet, and Schedule 
Analysis Reports as per NJDEP requirements. 
· Duke Energy Dan River Steam Station, North Carolina. Prepared resource loaded 
baseline schedule for the lumpsum fixed-price project. Updated and maintained 
schedule against baseline on Primavera P6 R15.2, incorporated changes in scope and 
activity sequence, and submitted schedule and revenue reports to the client on a 
weekly basis. Prepared daily reports on Heavy Job with actual professional and craft 
labor hours, equipment on site, materials received, and ODCs, to track actual project 
cost every day. Compared and reconciled Heavy Job cost reports with PRISM reports 
on a regular basis. 
· Former Chevron TRMI Bayonne Terminal Remedial Excavation, New Jersey. 
Updated and maintained schedule for the lump sum fixed-price project on Primavera 
P6R15.2 from status obtained from project engineer. Analyzed, forecasted and 
reported current status against established baseline schedule on a bi-weekly basis. 
Prepared two-week look-ahead reports and distributed it to the team on a weekly basis. 
Used Parsons’ “ParCAST” EVMS to analyze cost and schedule performance 
indicators. Identified potential change order, maintained change order log and 
analyzed resulting schedule impacts. Prepared detailed estimates of change orders 
amounting up to $5 million. Set up work breakdown structure (WBS) for new jobs 
with detailed budget. Prepared monthly invoices and submitted to client for payment. 
Prepared bi- weekly progress reports with schedule updates against baseline, bar chart 
summary, schedule analysis, milestone summary, cost performance and cash flow 
curves. 
· Dulles Corridor Metrorail Project - Phase 2, Dulles, Virginia. Updated and 
maintained schedule for the lump sum fixed-price project on Primavera P6R15.2. 
Developed schedule fragnets for change orders using scope and cost information 
obtained from change manager. Incorporated and coded PCO fragnets in working 
schedule to conduct time impact analysis. Generated detailed schedule reports with 
change order fragnets categorized by design packages, and provided updates to the 
change manager on critical path and impacted project finish date. 
· Others: Prepared preliminary design schedules for 1) Recycled Water Distribution 
System for City of El Paso De Robles, CA and 2) Process Water System for City of 
 
222 
 
West Palm Beach, FL. Prepared resource loaded proposal schedule for several projects 
including commercial buildings, industrial construction and IT infrastructure. 
 
Construction Technician Intern (May 2009 – August 2009)  
Long Wavelength Array (LWA), National Radio Astronomy Observatory Very Large 
Array (NRAO VLA) Magdalena, NM 
· Provided assistance in design and installation of $1 million Station-1, consisting of 
265 radio telescopes for the Long Wavelength Array (LWA) Project. Used total 
station to survey and stake out optimal location for the telescopes; assisted in 
preparing work breakdown structure, baseline schedule and cost estimates on 
Primavera P6, assisted in quantity takeoff and equipment rental. Carried out earned 
value analysis (cost control and schedule control) on P6 and implemented fast 
tracking techniques to complete 12 weeks’ project 2 weeks ahead of schedule and on 
budget. Prepared weekly progress report and performed onsite construction under 
extreme conditions 
 
 
TEACHING EXPERIENCE 
 
Teaching Assistant, (August 2010 to May 2015) 
Syracuse University, Department of Civil and Environmental Engineering, Syracuse, NY 
· Taught Scheduling on Primavera P6 for the course CIE 400/600 (class of 45 
students): Construction Engineering and Project Management. Topics covered: 
Creating work breakdown structure for a construction project; Inserting activities and 
assigning relationships; Customizing project calendar; Assigning resources; Leveling 
resources; Generating customized reports; Updating Schedule; and Earned Value 
Analysis.  
· Taught Building Information Modeling on Autodesk Revit for the course CIE 
400/600: Construction Engineering and Project Management. Topics covered: 
Theory, underlying mechanism, benefits and challenges of implementing BIM; 
Creating a residential house project using Autodesk Revit; Performing quantity 
takeoff and budget estimation.  
· Assisted in teaching the course CIE 600 (class of 26 students): Sustainable 
Development and Infrastructure Asset Management.  
· Organized and conducted construction site visits and field trips for students.  
· Designed Courses on Blackboard 
 
 
PROFESSIONAL MEMBERSHIP AND SERVICES  
 
· Transportation Research Board, Reviewer (Since 2014) 
 
223 
 
· Phi Beta Delta Honor Society, Member (2014 - 2015) 
· Elected SU Graduate Student Organization Senator by the student body to represent 
the Department of Civil and Environmental Engineering, Syracuse University (2013-
2014) 
· Academic Integrity Panel, Member, Syracuse University (2014 - 2015) 
· American Society of Civil Engineers, Student Member (Since 2011) 
 
 
ARTICLES, CONFERENCE PROCEEDINGS AND REPORTS  
 
Salem, O., Salman, B., & Ghorai, S. (2017). Accelerating construction of roadway 
bridges using alternative techniques and procurement methods. Transport. 
doi:10.3846/16484142.2017.1300942 
Salem, O., & Ghorai, S. (2015). Environmental Life-Cycle Assessment of Pavement 
Maintenance, Repair, and Rehabilitation Activities. TRB Annual Meeting. 
Washington, D.C. 
Salem, O., Ghorai, S., Salman, B., & Aboutaha, R. (2014). A Decision Support 
Framework for Accelerated Bridge Construction. TRB 93rd Annual Meeting. 
Washington, DC: Transportation Research Board. 
Salem, O., Pirzadeh, S., Ghorai, S., & Abdel-Rahim, A. (2014). Improving Sustainability 
of Work-zones by Implementing Lean Construction Techniques. International 
Conference on Architecture and Civil Engineering. Dubai, UAE. 
Migliaccio, G., Guindani, M., Zhang, S., & Ghorai, S. (2011). Regression-Based 
Prediction Methods for Adjusting Construction Cost Estimates by Project 
Location. Annual Conference of the Canadian Society for Civil Engineering, (pp. 
2611-2619). Ottawa, Canada. 
Hall, J., Migliaccio, G., Tarefder, R., & Ghorai, S. (2010). Road Lifecycle Innovative 
Financing Evaluation (RoadLIFE). New Mexico Department of Transportation, 
Santa Fe, NM: Report # NM08ADM-01. 
 
 
 
 
 
